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COMPLEMENTING CELL LINES 

Technical field : The invention relates to the field of biotechnology generally, and more 
specifically to adenoviral-based complementing cell lines. 

5 

Background : Typically, vector and packaging cells have to be adapted to one another so 
that they have all the necessary elements, but they do not have overlapping elements 
which lead to replication competent virus by recombination. Therefore, the sequences 
necessary for proper transcription of the packaging construct may be heterologous 

10 regulatory sequences derived from, for example, other human adenovirus (Ad) serotypes, 
non-human adenoviruses, other viruses like, but not limited to, SV40, hepatitis B virus 
(HBV), Rous Sarcoma Virus (RSV), cytomegalovirus (CMV), etc. or from higher 
eukaryotes such as mammals. In general, these sequences include a promoter, enhancer 
and poly-adenylation sequences. 

1 5 PER.C6 (ECACC deposit number 96022940) is an example of a cell line devoid of 
sequence overlap between the packaging construct and the adenoviral vector (Fallaux et 
al y 1998). Recombinant viruses based on subgroup C adenoviruses such as Ad5 and Ad2 
can be propagated efficiently on these packaging cells. Generation and propagation of 
adenoviruses from other serotypes, like subgroup B viruses, has proven to be more 

20 difficult on PER.C6 cells. However, as described in European patent application 

00201738.2, recombinant viruses based on subgroup B virus Ad35 can be made by co- 
transfection of an expression construct containing the Ad35 early region- 1 sequences 
(Ad35-El). Furthermore, Ad35-based viruses that are deleted for El A sequences were 
shown to replicate efficiently on PER.C6 cells. Thus, the El A proteins of Ad5 

25 complement Ad35-El A functions, whereas at least part of the E1B functions of Ad35 are 
necessary. This serotype specificity in E1B functions was recently also described for Ad7 
recombinant viruses. In an attempt to generate recombinant adenoviruses derived from 
subgroup B virus Ad7, Abrahamsen et al (1997) were not able to generate El -deleted 
viruses on 293 cells without contamination of wild-type (wt) Ad7. Viruses that were 

30 picked after plaque purification on 293-ORF6 cells (Brought et al, 1996) were shown to 
have incorporated Ad7 E1B sequences by non-homologous recombination. Thus, 
efficient propagation of Ad7 recombinant viruses proved possible only in the presence of 
Ad7-E1B expression and Ad5-E4-ORF6 expression. The E1B proteins are known to 
interact with cellular as well as viral proteins (Bridge et al, 1993; White, 1995). 

35 Possibly, the complex formed between the E1B 55K protein and E4-ORF6 which is 
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necessary to increase mRNA export of viral proteins and to inhibit export of most cellular 
mRNAs, is critical and in some way serotype specific. 

Description of the Invention 
5 The present invention provides new packaging cell lines capable of complementing 
recombinant adenoviruses based on serotypes other than subgroup C viruses, such as 
serotypes from subgroup B, like adenovirus type 35. 

In one aspect the invention provides packaging cell lines capable of complementing 
recombinant adenovirus based on a serotype of subgroup B, preferably of serotype 35. 
10 With the terms "based on or derived from an adenovirus" is meant that it utilizes nucleic 
acid corresponding to nucleic acid found in said serotype. The utilized nucleic acid may 
be derived by PCR cloning or other methods known in the art. 

In one aspect of the invention, the new packaging cells are derived from primary, diploid 
human cells such as, but not limited to, primary human retinoblasts, primary human 

15 embryonic kidney cells or primary human amniocytes. Transfection of primary cells or 
derivatives thereof with the adenovirus El A gene alone can induce unlimited 
proliferation (immortalisation), but does not result in complete transformation. However, 
expression of E1A in most cases results in induction of programmed cell death 
(apoptosis), and occasionally immortalisation is obtained (Jochemsen et aL, 1987). Co- 

20 expression of the E1B gene is required to prevent induction of apoptosis and for complete 
morphological transformation to occur (reviewed in White, 1995). Therefore, in one 
aspect of the invention, primary human cells or derivatives thereof are transformed by 
expression of adenovirus El proteins of a subgroup other than subgroup C, preferably 
subgroup B, more preferably adenovirus type 35. The combined activity of the El A and 

25 E1B proteins establishes indefinite growth of the cells and enables complementation of 
recombinant adenoviruses. 

The complete morphological transformation of primary cells by adenovirus El 
genes is the result of the combined activities of the proteins encoded by the El A and E1B 
regions. The roles of the different El proteins in lytic infection and in transformation 

30 have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus El A proteins are essential for transformation of primary cells. 
The El A proteins exert this effect through direct interaction with a number of cellular 
proteins that are involved in regulation of transcription. These include the pRB family of 
proteins, p300/CBP and TATA binding protein. In addition to this El A increases the 

35 level of p53 protein in the cells. In the absence of adenovirus E1B activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the E1B region 
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counteract the induction of apoptosis although by different mechanisms. E1B-21K seems 
to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 

• 

proteins downstream in the apoptosis pathway (Han et al y 1996), whereas E1B-55K 
functions through direct interaction with p53. Importantly, the molecular mechanism by 
which the E1B-55K proteins of Ad2 and 5 (subgroup C) and Adl2 (subgroup A) function 
in the ability to neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 
and the complex localises to the cytoplasm, Adl2 E1B-55K binds p53 weakly and both 
proteins are localised in the nucleus (Zantema et aL 9 1985; Grand et oi, 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Yew and Berk, 
1992). 

In rodent cells, the activity of E1A together with either E1B-21K or 55K is 
sufficient for full transformation although expression of both E1B proteins together is 
twice as efficient (Rao et ai, 1992; ). In human cells however, the activity of the E1B- 
55K protein seems to be more important given the observation that E1B-55K is 
indispensible for the establishment of transformed cells (Gallimore, 1986). 
Example 6 hereof describes the generation of pIG270. In this construct the Ad35-El 
genes are expressed from the hPGK promoter and transcription is terminated by the 
HBVpA. The hPGK promoter constitutes a HincII-EcoRI fragment of the promoter 
sequence described by Singer-Sam et al (1984). The HBVpA is located in a BamHI- 
Bglll fragment of the Hepatitis B virus genome (Simonsen and Levinson, 1983; see also 
Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 
sequences of the El expression constructs described in this invention may be derived 
from other sources whithout departing from the invention. Also, other functional 
fragments of the hPGK and HBVpA sequences mentioned above may be used. 

The functionality of pIG270 was shown by transformation of primary Baby Rat 
Kidney cells (BRK). Comparison with an equivalent Ad5-El expression construct 
learned that Ad35-El genes were less efficient in transforming these cells. The same has 
been found for the El genes of Adl2 (Bernards et aL, 1982). 

It is unclear which El protein(s) determine(s) the difference in transformation 
efficiency of El sequences observed for adenoviruses from different subgroups. In the 
case of Adl2, transfection studies with chimeric E1A/E1B genes suggested that the 
efficiency of transformation of BRK cells was determined by the El A proteins (Bernards 
et aL 9 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
necessary for complementation of El -deleted adenoviruses. If these functions are related 
to the regulation of mRNA distribution or another late viral function, it is unlikely that 
these are involved in the transformation efficiency. 



WO 02/40665 



4 



PCT/NL01/00824 



Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 
insertion mutants have revealed that functions related to viral replication, late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Y ew et al, 1990). Using the same set of mutants, the 

5 domains important for interaction with p53 and E4-Orf6 were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), p53 
binding was affected by mutations at aa 180 and E4-Orf6 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf et aL, 1997). 

Altogether these results indicate that it is difficult to separate the E1B-55K 

10 functions related to transformation (p53 binding) and late protein synthesis (Orf6 
binding). 

The invention discloses new El constructs that combine the high efficiency of 
transformation of one serotype with the serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic . 

1 5 retinoblast cells and human amniocytes. 

In another aspect of the invention, the transforming El sequences are derived from 
different serotypes. As disclosed in European Patent application 00201738.2, Ad35 El 
sequences are capable of transforming Baby Rat Kidney (BRK) cells, albeit with a lower 
efficiency than that seen with Ad5 El sequences. This was also observed for El 

20 sequences from Adl2 (Bernards et al y 1982). Therefore, in this aspect of the invention, 
primary diploid human cells or derivatives thereof are transformed with chimeric El 
construct that consists of part of the El sequences of a serotype that enables efficient 
transformation of primary human cells or derivatives thereof and part of the El sequences 
of another serotype which El sequences provide the serotype-specific E1B functions) 

25 that enable(s) efficient propagation of El -deleted viruses of that serotype. In a preferred 
embodiment of this aspect of the invention, the El A region is derived from a subgroup C 
adenovirus, like, but not limited to, Ad5, and the E IB coding sequences are derived from 
an alternative adenovirus more particularly from an adenovirus of subgroup B, more 
particularly from adenovirus type 35. E1B-21K coding sequences may also be chimeric 

30 comprising both subgroup C and subgroup B coding sequences. Preferably, all or most of 
E1B-21K comprises subgroup C coding sequences. In a more preferred embodiment, the 
E1A coding sequences and the E1B-21K coding sequences are derived from a subgroup 
C adenovirus, like, but not limited to, Ad5. In one embodiment the cell further comprises 
ElB-55k coding sequences that are, preferably, as far as not overlapping with the 2 IK 

35 coding sequences-derived from an adenovirus of subgroup B, more particular from 

adenovirus type 35. In an even more preferred embodiment, all El coding sequences are 
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derived from a subgroup C adenovirus, like but not limited to Ad5, except for at least the 
part of the E1B-55K coding sequences that are necessary for sero type-specific 
complementation of an alternative adenovirus subgroup, more particular adenovirus 
subgroup B 5 more particular adenovirus type 35. The invention also provides a packaging 
5 cell line wherein the primary, diploid human cells or derivatives thereof have been 
transformed with a chimeric adenovirus El construct comprising part of a first 
adenovirus El coding sequence of a first adenovirus serotype that enables efficient 
transformation of primary human cells and derivatives thereof; and part of a second 
adenovirus El coding sequence of a second adenovirus serotype, wherein said second 

10 adenovirus El coding sequence provides the serotype-specific adenovirus E1B 

function(s) that enable(s) efficient propagation of recombinant adenovirus El -deleted 
viruses of said second adenovirus serotype. Preferably, said first adenovirus serotype is a 
subgroup C adenovirus and said second adenovirus serotype is a subgroup B adenovirus, 
more particular adenovirus type 35. In one embodiment the packing cell line of the 

15 invention comprises bovine adenovirus ElB-55k. Such a bovine ElB-55k expressing cell 
line is particularly suited for obtaining high yields of a complemented bovine 
recombinant adenovirus. 

The primary diploid human cells or derivatives thereof are transformed by adenovirus El 

20 sequences either operatively linked on one DNA molecule or located on two separate 
DNA molecules. In the latter case, one DNA molecule carries at least part of the El 
sequences of the serotype enabling efficient transformation and the second DNA 
molecule carries at least part of the sequences necessary for serotype-specific 
complementation. Provided is also a hybrid construct comprising El -sequences of the 

25 serotype enabling efficient transformation and El sequences of another serotype 
necessary for serotype-specific complementation. The sequences providing serotype 
specific complementation may ofcourse also contain further activities contributing to 
transformation. Preferably, said sequences enabling efficient transformation comprise 
El A. Preferably said sequences and said sequences necessary for serotype specific 

30 complementation preferably comprise E1B sequences. More preferably said sequences 
enabling efficient transforming comprise El A and E1B-21K sequences and said 
sequences necessary for serotype specific complementation comprise E1B-55K 
sequences. Provided also are cells transformed by such hybrid construct. Such cells can 
favorably be used for the propagation of recombinant El deleted adenovirus of said 

35 another serotype. Of course it is also possible to provide both functions of El sequences 
on separate constructs. In all aspects, the sequences are operatively linked to regulatory 
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sequences enabling transcription and translation of the encoded proteins. Preferably a 
packaging cell of the invention further comprises a DNA encoding at least E4-orf6 of an 
adenovirus of subgroup B, preferably adenovirus serotype 35. Preferably, said E4-orf6 is 
derived from said another serotype. Preferably said cell comprises E1B-55K and E4-orf6 
5 of the same serotype as the recombinant vector to be propagated/complemented or 
otherwise produced 

In another aspect of the invention, new packaging cells are described that are derived 
from PER.C6 (ECACC deposit number 96022940; Fallaux et al, 1998) and contain 
Ad35-El sequences integrated into their genome. These Ad35-El sequences are present 

10 in a functional expression cassette, but preferably do not contain sequences overlapping 
with sequences present in the recombinant viral vector. Preferably, the functional 
expression cassette consists of a heterologous promoter and poly-adenylation signal 
functionally linked to Ad35-El sequences. More specifically, the Ad35-El coding 
sequences are functionally linked to the human phosphoglycerate gene promoter (hPGK) 

1 5 and hepatitus B virus poly-adenylation signal (HBV-pA). Preferably, Ad3 5-E 1 coding 
sequences comprise the coding regions of the El A proteins and the El B promoter 
sequences linked to E1B coding sequences up to and including the stop codon of the E1B 
55K protein. More preferably, the Ad35-El sequences comprise nucleotide 468 to 
nucleotide 3400 of the Ad35 wt sequence. To be able to select for transfected cells, a 

20 dominant selection marker like, but not limited to, the neo r gene has to be incorporated on 
the expression vector or the Ad35 expression vector is co-transfected with a separate 
expression vector mediating expression of the selection marker. In both cases, the 
selection marker becomes integrated in the cellular genome. Other Ad5-El transformed 
cell lines like 293 (Graham et al, 1977) and 911 (Fallaux et al, 1996) or established 

25 human cell lines like A549 cells may be used without departing from the present 
invention. 

In another aspect of the invention, PER.C6-derived cells are described that 
express functional Ad35 E1B sequences. In one embodiment, the Ad35-E1B coding 
sequences are driven by the E1B promoter and terminated by a heterologous poly- 

30 adenylation signal like, but not limited to, the HB VpA. In a preferred embodiment, the 
Ad35-E1B coding sequences are driven by a heterologous promoter like, but not limited 
to, the hPGK promoter or Elongation Factor- la (EF-la) promoter and terminated by 
a heterologous pA signal like, but not limited to, the HBVpA. These Ad35-E1B 
sequences preferably comprise the coding regions of the E1B 21K and the E1B 55K 

35 proteins located between nucleotides 1 6 1 1 and 3400 of the wild-type (wt) Ad3 5 

sequence. More preferably, the Ad35-E1B sequences comprise nucleotides 1550 to 3400 
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of the wt Ad35 sequence. In an even more preferred embodiment, the El B sequences 
comprise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wt Ad35 sequence. In an even more preferred embodiment a packaging 
cell line or a cell line of the invention lacks a functional coding sequence for E1B 21k. 
5 Such cell lines in general produce significantly more recombinant adenovirus than E1B 
21K positive cell lines. 

The invention further provides a method for complementing a recombinant 
adenovirus comprising providing a packaging cell line or a cell line according to the 
10 invention, with said recombinant adenovirus and culturing said cell to allow for 

complementation. In a preferred embodiment said method further comprises harvesting 
complemented recombinant adenovirus. Preferably said recombinant adenovirus is 
derived from adenovirus subgroup B. More preferably said recombinant adenovirus is 
derived from adenovirus serotype 35. 

15 

In another aspect the invention provides a recombinant adenovirus obtained by a 
method of the invention or with a packaging cell of the invention. Such adenovirus can be 
obtained essentially free from contaminating wild type adenovirus, or replication 
competent adenovirus. Such recombinant adenovirus preparations are very suited for 

20 administration of therapeutic sequences to somatic tissues in vivo in for instance a gene 
therapeutic setting. Preferred are recombinant adenoviruses comprising a deletion of 
nucleic acid encoding at least one El -region protein. Preferably, such adenovirus further 
comprises a deletion of nucleic acid encoding at least one E3-region protein. Preferably, 
such adenovirus further comprises a deletion of nucleic acid encoding at least one E4- 

25 region protein. Preferably, such adenovirus further comprises a deletion of nucleic acid 
encoding at least E4-Orf6 protein. For this reason the invention also provides the use of a 
recombinant adenovirus of the invention for the preparation of a medicament. 

With the term E1B-55K protein as used herein, is meant the protein encoded by the E1B- 
30 region in an adenovirus serotype having a similar function in said serotype as provided by 
the E1B-55K protein Ad5. 

With the term E1B-2 IK protein as used herein, is meant the protein enclosed by the E IB- 
region in an adenovirus serotype having a similar function in said serotype as provided by 
the E1B-19K protein of Ad5. The same terminology applies for the sequences encoding 
35 these proteins. When referring to Ad35-El sequences from a specified nucleotide to 
nucleotide 3400 is meant 'up to and including nucleotide 3400'. 
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Cell lines subject of this invention are useful for, among other things, the 
production of recombinant adenoviruses designed for gene therapy and vaccination. The 
cell lines, being derived from cells of human origin, are also useful for the production of 
5 human recombinant therapeutic proteins like, but not limited to human growth factors, 
human antibodies. In addition the cell lines are useful for the production of human viruses 
other than adenovirus like, but not limited to, influenza virus, herpes simplex virus, 
rotavirus, measles virus. 

A preferred derivative of primary, diploid human cells is the PER.C6 cell line (ECACC 
10 deposit number 960022940). 

It is within the skills of the artisan to provide for proteins having a similar function in 
kind as the adenovirus El protein referred to in this document. For instance a functional 
part may be provided and/or a derivative may be provided with a similar function in kind, 
1 5 not necessarily in amount. 

Such parts and derivatives are considered to be part of the invention, in as far as similar 
transforming/complementing and/or serotype specificity function is provided in kind, not 
necessarily in amount. 

20 Brief Description of the Figures 

FIG. 1: Bar graph showing the percentage of serum samples positive for neutralization 
for each human wt adenovirus tested (see, Examplel for description of the neutralization 
assay). 

FIG. 2: Graph showing absence of correlation between the VP/CCID50 ratio and the 

* 

25 percentage of neutralization. 

FIG. 3: Bar graph presenting the percentage sera samples that show neutralizing activity 
to a selection of adenovirus serotypes. Sera were derived from healthy volunteers from 
Belgium and the UK. 

FIG. 4: Bar graph presenting the percentage sera samples that show neutralizing activity 
30 to adenovirus serotypes 5, 11, 26, 34, 35, 48 and 49. Sera were derived from five 
different locations in Europe and the United States. 
FIG. 5: Sequence of human adenovirus type 35. 
FIG. 6: Map of pAdApt35BPl. 

FIG. 7: Schematic representation of the steps undertaken to construct pWE.Ad35.pIX- 
35 rITR. 

FIG. 8: Map of pWE.Ad35.pIX-rITR. 
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FIG. 9: Map of pRSV.Ad35-El. 

FIG. 1 0: Map of PGKneopA. 

FIG. 11: Map of pRSVpNeo. 

FIG. 12: Map of pRSVhbvNeo. 
5 FIG. 13: Map of pIG.ElA.ElB. 

FIG. 14:MapofpIG135. 

FIG. 15:MapofpIG270. 

FIG. 16: Map of pBr.Ad35.1eftITR-pIX. 

FIG. 17: Map of pBr.Ad35.1eftITR-pDCAElA 
10 FIG. 18: Map of pBr.Ad35.A21K 

FIG. 19: Map of pBr.Ad35.A55Kl 

FIG. 20: Map of pBrAd35ASM 

FIG. 21: Schematic representation of Ad35-E1A/E1B deletion constructs. 

FIG. 22: MapofpIG.35BL. 
1 5 FIG. 23 : Map of pRSVneo4. 

FIG. 24: Map of pIG35Bneo. 

FIG. 25: MapofpIG35.55K 

FIG. 26: Map of pIG535 

FIG. 27: Map of pIG635 
20 FIG. 28 : Map of pIG735 

FIG 29: Map of pCC271 

FIG 30: Map of pCC535s 

FIG 31: Map of pCR535ElB 

FIG 32: Map of pCC2155s 
25 FIG 33: Map of pCC536s 

FIG 34: Map of pIG536 

FIG 35: Map of pBr.Ad35.PRn 

FIG 36: Map of pBr.Ad35.PRnAE3 

FIG 37: Map of pWE.Ad35.pIX-rITRAE3 
30 FIG 38: Alignment of E1B-21K (A) and E1B-55K (B) arnino acid sequences in pCC536s 

with wtAd5 and wtAd35 sequences. 
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Detailed Description of The Invention 
The invention is further explained by the use of the following illustrative examples. 

EXAMPLES 
Example 1 

A high throughput assay for the detection of neutralizing activity in human serum 
To enable screening of a large amount of human sera for the presence of neutralizing 

■ 

antibodies against all adenovirus serotypes, an automated 96-wells assay was developed. 
Human sera 

A panel of 100 individuals was selected. Volunteers (50% male, 50% female) 
were healthy individuals between ages 20 and 60 years old with no restriction for race. 
All volunteers signed an informed consent form. People professionally involved in 
adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two hours after 
sampling, the blood was centrifuged at 2500 rpm for 10 minutes. Approximately 30 ml 
serum was transferred to polypropylene tubes and stored frozen at -20°C until further use. 

Serum was thawed and heat-inactivated at 56°C for 10 minutes and then aliquoted 
to prevent repeated cycles of freeze/thawing. Part was used to make five steps of twofold 
dilutions in medium (DMEM, Gibco BRL) in a quantity enough to fill out approximately 
70 96-well plates. Aliquots of undiluted and diluted sera were pipetted in deep well plates 
(96-well format) and using a programmed platemate dispensed in 100 jil aliquots into 96- 
well plates. This way the plates were loaded with eight different sera in duplo (100 
Hl/well) according to the scheme below: 
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Where Sl/2 to S8/2 in columns 1 and 6 represent 1 X diluted sera and Sx/4, Sx/8, Sx/16 



and Sx/32 the twofold serial dilutions. The last plates also contained four wells filled with 
5 100 ^il fetal calf serum as a negative control. Plates were kept at -20°C until further use. 

Preparation of human adenovirus stocks 

Prototypes of all known human adenoviruses were inoculated on T25 flasks 
seeded with PER.C6 cells (Fallaux et al, 1998) and harvested upon full CPE. After 

1 0 freeze/thawing 1 -2 ml of the crude lysates was used to inoculate a T80 flask with PER.C6 
and virus was harvested at full CPE. The timeframe between inoculation and occurrence 
of CPE as well as the amount of virus needed to re-infect a new culture, differed between 
serotypes. Adenovirus stocks were prepared by freeze/thawing and used to inoculate 3-4 
T175 cm 2 three-layer flasks with PER.C6 cells. Upon occurrence of CPE, cells were 

1 5 harvested by tapping the flask, pelleted and virus was isolated and purified by a two-step 
CsCl gradient as follows. Cell pellets were dissolved in 50 ml 10 mM NaP0 4 buffer (pH 
7.2) and frozen at -20°C. After thawing at 37°C, 5.6 ml sodium deoxycholate (5% w/v) 
was added. The solution was mixed gently and incubated for 5-15 minutes at 37°C to 
completely lyse the cells. After homogenizing the solution, 1875 ^il 1M MgCl 2 was 

20 added. After the addition of 375 p.1 DNAse (10 mg/ml) the solution was incubated for 30 
minutes at 37°C. Cell debris was removed by centrifugation at 1880xg for 30 minutes at 
RT without brake. The supernatant was subsequently purified from proteins by extraction 
with FREON (3x). The cleared supernatant was loaded on a 1M Tris/HCl buffered 
cesium chloride block gradient (range: 1 .2/1 .4 g/ml) and centrifuged at 21000 ipm for 2.5 

25 hours at 1 0°C. The virus band is isolated after which a second purification using a 1 M 
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Tris/HCl buffered continues gradient of 1 .33 g/ml of cesium chloride was performed. The 
virus was then centrifiiged for 17 hours at 55000 rpm at 10°C. The virus band is isolated 
and sucrose (50 % w/v) is added to a final concentration of 1%. Excess cesium chloride is 
removed by dialysis (three times 1 hr at RT) in dialysis slides (Slide-a-lizer, cut off 10000 
5 kDa, Pierce, USA) against 1 .5 liter PBS supplemented with CaCl 2 (0.9 mM), MgCl 2 

(0.5mM) and an increasing concentration of sucrose (1, 2, 5%). After dialysis, the virus is 
removed from the slide-a-lizer after which it is aliquoted in portions of 25 and 100 pi 
upon which the virus is stored at -85°C. 

To determine the number of virus particles per milliliter, 50 fil of the virus batch 

10 is run on a high-pressure liquid chromatograph (HPLC) as described by Shabram et al 
(1997). Viruses were eluted using a NaCl gradient ranging from 0 to 600 mM. As 
depicted in table I, the NaCl concentration by which the viruses were eluted differed 
significantly among serotypes. 

Most human adenoviruses replicated well on PER.C6 cells with a few exceptions. 

15 Adenovirus type 8 and 40 were grown on 91 1-E4 cells (He et al 9 1998). Purified stocks 
contained between 5xl0 10 and 5xl0 12 virus particles/ml (VP/ml; see table I). 

Titration of purified human adenovirus stocks 

Adenoviruses were titrated on PER.C6 cells to determine the amount of virus 

20 necessary to obtain full CPE in five days, the length of the neutralization assay. Hereto, 
100|il medium was dispensed into each well of 96-well plates. 25 \d of adenovirus stocks 
pre- diluted 10 4 , 10 5 , 10 6 or 10 7 times were added to column 2 of a 96-well plate and 
mixed by pipetting up and down 10 times. Then 25 jul was brought from column 2 to 
column 3 and again mixed. This was repeated until column 1 1 after which 25 jil from 

25 column 1 1 was discarded. This way, serial dilutions in steps of 5 were obtained starting 
off from a pre-diluted stock. Then 3xl0 4 PER.C6 cells (ECACC deposit number 
96022940) were added in a 100 jil volume and the plates were incubated at 37 °C, 5% 
CO2 for five or six days. CPE was monitored microscopically. The method of Reed and 
Muensch was used to calculate the cell culture-inhibiting dose 50% (CCID50). 

30 In parallel, identical plates were set up that were analyzed using the MTT assay 

(Promega). In this assay, living cells are quantified by colorimetric staining. Hereto, 20 \il 
MTT (7.5 mgr/ml in PBS) was added to the wells and incubated at 37 °C, 5% C0 2 for 
two hours. The supernatant was removed and 100 nl of a 20:1 isopropanol/triton-XlOO 
solution was added to the wells. The plates were put on a 96-well shaker for 3-5 minutes 

35 to solubilize the precipitated staining. Absorbance was measured at 540 nm and at 690 
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nm (background). By this assay, wells with proceeding CPE or full CPE can be 
distinguished. 

Neutralization assay 

5 96-well plates with diluted human serum samples were thawed at 37 °C, 5% CO2. 

Adenovirus stocks diluted to 200 CCID50 per 50 jil were prepared and 50 jxl aliquots 
were added to columns 1-1 1 of the plates with serum. Plates were incubated for 1 hour at 
37°C, 5% C0 2 . Then 50 ^1 PER.C6 cells at 6xl0 5 /ml were dispensed in all wells and 
incubated for 1 day at 37 °C, 5% CO2. Supernatant was removed using fresh pipette tips 

1 0 for each row and 200jil fresh medium was added to all wells to avoid toxic effects of the 
serum. Plates were incubated for another 4 days at 37 °C, 5% C0 2 . In addition, parallel 
control plates were set up in duplo with diluted positive control sera generated in rabbits 
and specific for each serotype to be tested in rows A and B and with negative control 
serum (FCS) in rows C and D. Also, in each of the rows E-H a titration was performed as 

15 described above with steps of five times dilutions starting with 200 CCDD50 of each virus 
to be tested. On day 5, one of the control plates was analyzed microscopically and with 
the MTT assay. The experimental titer was calculated from the control titration plate 
observed microscopically. If CPE was found to be complete, i.e. the first dilution in the 
control titration experiment analyzed by MTT shows clear cell death, all assay plates 

20 were processed. If not, the assay was allowed to proceed for one or more days until full 
CPE was apparent after which all plates were processed. In most cases, the assay was 
terminated at day 5. For Adl, 5, 33, 39, 42 and 43 the assay was left for six days and for 
Ad2 for eight days. 

A serum sample is regarded as "non-neutralizing" when, at the highest serum 
25 concentration, a maximum protection of 40% is seen compared to controls without 
serum. 

The results of the analysis of 44 prototype adenoviruses against serum from 100 
healthy volunteers are shown in FIG. 1 . As expected, the percentage of serum samples 
that contained neutralizing antibodies to Ad2 and Ad5 was very high. This was also true 

30 for most of the lower numbered adenoviruses. Surprisingly, none of the serum samples 
contained neutralizing antibodies to Ad35. Also, the number of individuals with 
neutralizing antibody titers to the serotypes 26, 34 and 48 was very low. Therefore, 
recombinant El-deleted adenoviruses based on Ad35 or one of the other above 
mentioned serotypes have an important advantage compared to recombinant vectors 

35 based on Ad5 with respect to clearance of the viruses by neutralizing antibodies. 
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Also, Ad5-based vectors that have (parts of) the capsid proteins involved in 
immunogenic response of the host replaced by the corresponding (parts of) the capsid 
proteins of Ad35 or one of the other serotypes will be less, or even not, neutralized by the 
vast majority of human sera. 

5 As can be seen in Table I, the VP/CCED50 ratio calculated from the virus particles 

per ml and the CCID50 obtained for each virus in the experiments was highly variable, 
and ranged from 0.4 to 5 log. This is probably caused by different infection efficiencies 
of PER.C6 cells and by differences in replication efficiency of the viruses. Furthermore, 
differences in batch qualities may play a role. A high VP/CCED50 ratio means that more 

10 viruses were put in the wells to obtain CPE in 5 days. As a consequence, the outcome of 
the neutralization study might be biased since more (inactive) virus particles could shield 
the antibodies. To check whether this phenomenon had taken place, the VP/CCID50 ratio 
was plotted against the percentage of serum samples found positive in the assay (FIG. 2). 
The graph clearly shows that there is no negative correlation between the amount of 

1 5 viruses in the assay and neutralization in serum. 

Example 2 

The prevalence of neutralizing activity (NA) to Ad35 is low in human sera from different 
geographic locations 

20 In Example 1 the analysis of neutralizing activity ("NA") in human sera from one 

location in Belgium was described. Strikingly, of a panel of 44 adenovirus serotypes 
tested, one serotype, Ad35, was not neutralized in any of the 100 sera assayed In 
addition, a few serotypes, Ad26, Ad34 and Ad48 were found to be neutralized in 8%, or 
less, of the sera tested. This analysis was further extended to other serotypes of 

25 adenovirus not previously tested and, using a selection of serotypes from the first screen, 
was also extended to sera from different geographic locations. 

Hereto, adenoviruses were propagated, purified and tested for neutralization in the 
CPE-inhibition assay as described in Example 1. Using the sera from the same batch as in 
Example 1, adenovirus serotypes 7B, 1 1, 14, 18 and 44/1876 were tested for 

30 neutralization. These viruses were found to be neutralized in, respectively, 59, 13, 30, 98 
and 54 % of the sera. Thus, of this series, Adl 1 is neutralized with a relatively low 
frequency. 

Since it is known that the frequency of isolation of adenovirus serotypes from 
human tissue as well as the prevalence of NA to adenovirus serotypes may differ on 
35 different geographic locations, we further tested a selection of the adenovirus serotypes 
against sera from different places. Human sera were obtained from two additional places 
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in Europe (Bristol, UK and Leiden, NL) and from two places in the United States 
(Stanford, CA and Great Neck, NY). Adenoviruses that were found to be neutralized in 
20% or less of the sera in the first screen, as well as Ad2, Ad5, Ad27, Ad30, Ad38, Ad43, 
were tested for neutralization in sera from the UK. The results of these experiments are 
5 presented in FIG. 3. Adenovirus serotypes 2 and 5 were again neutralized in a high 
percentage of human sera. Furthermore, some of the serotypes that were neutralized in a 
low percentage of sera in the first screen are neutralized in a higher percentage of sera 
from the UK, for example, Ad26 (7% vs. 30%), Ad28 (13% vs. 50%), Ad34 (5% vs. 
27%) and Ad48 (8% vs. 32%). Neutralizing activity against Adl 1 and Ad49 that were 

1 0 found in a relatively low percentage of sera in the first screen, are found in an even lower 
percentage of sera in this second screen (13% vs. 5% and 20% vs. 11% respectively). 
Serotype Ad35 that was not neutralized in any of the sera in the first screen, was now 
found to be neutralized in a low percentage (8%) of sera from the UK. The prevalence of 
NA in human sera from the UK is the lowest to serotypes Adl 1 and Ad35. 

15 For further analysis, sera obtained from two locations in the US (Stanford, CA 

and Great Neck, NY) and from The Netherlands (Leiden). FIG. 4 presents an overview of 
data" obtained with these sera and the previous data. Not all viruses were tested in all sera, 
except for Ad5, Adl 1 and Ad35. The overall conclusion from this comprehensive screen 
of human sera is that the prevalence of neutralizing activity to Ad35 is the lowest of all 

20 serotypes throughout the western countries: on average 7% of the human sera contain 
neutralizing activity (5 different locations). Another B-group adenovirus, Adl 1 is also 
neutralized in a low percentage of human sera (average 1 1% in sera from 5 different 
locations). Adenovirus type 5 is neutralized in 56% of the human sera obtained from 5 
different locations. Although not tested in all sera, D-group serotype 49 is also 

25 neutralized with relatively low frequency in samples from Europe and from one location 
of the US (average 14%). 

In the herein described neutralization experiments, a serum is judged non- 
neutralizing when, in the well with the highest serum concentration, the maximum 
protection of CPE is 40% compared to the controls without serum. The protection is 

30 calculated as follows: 

1% protection = OD corresponding well - OP virus control x 100% 

OD non-infected control - OD virus control 

35 As described in Example 1, the serum is plated in five different dilutions ranging from 4x 
to 64x diluted. Therefore, it is possible to distinguish between low titers (/.a, 
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neutralization only in the highest serum concentrations) and high titers of NA (z.e., also 
neutralization in wells with the lowest serum concentration). Of the human sera used in 
our screen that were found to contain neutralizing activity to Ad5, 70% turned out to have 
high titers whereas of the sera that contained NA to Ad35, only 15% had high titers. Of 

5 the sera that were positive for NA to Adl 1 only 8% had high titers. For Ad49, this was 
5%. Therefore, not only is the frequency of NA to Ad35, Adl 1 and Ad49 much lower as 
compared to Ad5, but of the sera that do contain NA to these viruses, the vast majority 
has low titers. Adenoviral vectors based on Adl 1, Ad35 or Ad49 have therefore a clear 
advantage over Ad5 based vectors when used as gene therapy vehicles or vaccination 

10 vectors in vivo or in any application where infection efficiency is hampered by 
neutralizing activity. 

In the following examples, the construction of a vector system for the generation 
of safe, RCA-free Ad35-based vectors is described. 

15 Example 3 

Sequence of the human adenoviwis type 35 

Ad35 viruses were propagated on PER.C6 cells and DNA was isolated as follows: 
To 100 nl of virus stock (Ad35: 3.26xl0 12 VP/ml), lOjul 10X DNAse buffer (130 mM 
Tris-HCl pH7.5; 1,2 M CaCl 2 ; 50mM MgCl 2 ) was added. After addition of 10 \il 

20 lOmgr/ml DNAse I (Roche Diagnostics), the mixture was incubated for 1 hr. at 37°C. 
Following addition of 2.5^1 0.5M EDTA, 3.2^1 20% SDS and 1 .5^1 ProteinaseK (Roche 
Diagnostics; 20mgr/ml), samples were incubated at 50°C for 1 hr. Next, the viral DNA 
was isolated using the GENECLEAN spin kit (Biol 01 Inc.) according to the 
manufacturer's instructions. DNA was eluted from the spin column with 25 \il sterile 

25 MilliQ water. The total sequence was generated by Qiagen Sequence Services (Qiagen 
GmbH, Germany). Total viral DNA was sheared by sonification and the ends of the DNA 
were made blunt by T4 DNA polymerase. Sheared blunt fragments were size fractionated 
on agarose gels and gel slices corresponding to DNA fragments of 1.8 to 2.2kb were 
obtained. DNA was purified from the gel slices by the QIAquick gel extraction protocol 

30 and subcloned into a shotgun library of pUCl 9 plasmid cloning vectors. An array of 

clones in 96-well plates covering the target DNA 8 (+/- 2) times was used to generate the 
total sequence. Sequencing was performed on Perkin-Elmer 9700 thermocyclers using 
Big Dye Terminator chemistry and AmpliTaq FS DNA polymerase followed by 
purification of sequencing reactions using QIAGEN DyeEx 96 technology. Sequencing 

35 reaction products were then subjected to automated separation and detection of fragments 
on ABI 377 XL 96 lane sequencers. Initial sequence results were used to generate a 
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contiguous sequence and gaps were filled in by primer walking reads on the target DNA 
or by direct sequencing of PCR products. The ends of the virus turned out to be absent in 
the shotgun library, most probably due to cloning difficulties resulting from the amino 
acids of pTP that remain bound to the ITR sequences after proteinase K digestion of the 

5 viral DNA. Additional sequence runs on viral DNA solved most of the sequence in those 
regions, however it was difficult to obtain a clear sequence of the most terminal 
nucleotides. At the 5' end the sequence portion obtained was 5'-CCAATAATATACCT- 

3' (SEQ. I.D. NO. ) while at the 3' end, the obtained sequence portion was 5'- 

AGGTATATTATTGATGATGGG-3 ' (SEQ. I.D. NO. Most human adenoviruses 

10 have a terminal sequence 5 * -C ATC ATCAATAATATACC-3 ' (SEQ. LD. NO. _). In 
addition, a clone representing the 3 * end of the Ad35 DNA obtained after cloning the 
terminal 7 kb Ad35 EcoRI fragment into pBr322 also turned out to have the typical 
CATCATCAATAAT... sequence. Therefore, Ad35 may have the typical end sequence 
and the differences obtained in sequencing directly on the viral DNA are due to artefacts 

15 correlated with run-off sequence runs and the presence of residual amino acids of pTP. 

The total sequence of Ad35 with corrected terminal sequences is given in FIG. 5. 
Based sequence homology with Ad5 (Genbank # M72360) and Ad7 (partial sequence 
Genbank # X03000) and on the location of open reading frames, the organization of the 
virus is identical to the general organization of most human adenoviruses, especially the 

20 subgroup B viruses. The total length of the genome is 34,794 basepairs. 

Example 4 

Construction of a plasmid-based vector system to generate recombinant Ad35-based 
viruses. 

25 A functional plasmid-based vector system to generate recombinant adenoviral vectors 
comprises the following components: 

1 . An adapter plasmid comprising a left ITR and packaging sequences derived from 
Ad35 and at least one restriction site for insertion of an heterologous expression 
cassette and lacking El sequences. Furthermore, the adapter plasmid contains 

30 Ad35 sequences 3* from the E1B coding region including the pIX promoter and 

coding sequences enough to mediate homologous recombination of the adapter 
plasmid with a second nucleic acid molecule. 

2. A second nucleic acid molecule, comprising sequences homologous to the adapter 
plasmid, and Ad35 sequences necessary for the replication and packaging of the 

35 recombinant virus, that is early, intermediate and late genes that are not present in 

the packaging cell. 
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3. A packaging cell providing at least functional El proteins capable of 
complementing the El function of Ad35. 

Other methods for generating recombinant adenoviruses on complementing 
packaging cells are known in the art, and may be applied to Ad35 viruses without 
departing from the invention. As an example, the construction of a plasmid-based system, 
as outlined above, is described in detail below. 

1 ) Construction of Ad3 5 adapter plasmids. 

The adapter plasmid pAdApt (described in International Patent Application 
W099/55132) was first modified to obtain adapter plasmids that contain extended 
polylinkers and that have convenient unique restriction sites flanking the left ITR and the 
adenovirus sequence at the 3' end to enable liberation of the adenovirus insert from 
plasmid vector sequences. Construction of these plasmids is described below in detail: 

Adapter plasmid pAdApt was digested with Sail and treated with Shrimp Alkaline 
Phosphatase to reduce religation. A linker, composed of the following two 
phosphorylated and annealed oligos: ExSalPacF 5' - TCG ATG GCA AAC AGC TAT 
TAT GGG TAT TAT GGG TTC GAA TTA ATT AA- 3 ' (SEQ. LD. NO. _J and 
ExSalPacR 5' - TCG ATT AAT TAA TTC GAA CCC ATA ATA CCC ATA ATA GCT 
GTT TGC CA- 3* (SEQ. LD. NO. _) was directly ligated into the digested construct, 
thereby replacing the Sail restriction site by Pi-Pspl, Swal and Pad. This construct was 
designated pADAPT+ExSalPac linker. Furthermore, part of the left ITR of pAdApt was 
amplified by PCR using the following primers: PCLIPMSF: 5'- CCC CAA TTG GTC 
GAC CAT CAT CAA TAA TAT ACC TTA TTT TGG -3 ' (SEQ. LD. NO. _) and 
pCLIPBSRGI: 5'- GCG AAA ATT GTC ACT TCC TGT G - 3' (SEQ. LD. NO. _). The 
amplified fragment was digested with Muni and BsrGI and cloned into pAd5/Clip 
(described in International Patent Application W099/55132), which was partially 
digested with EcoRI and after purification digested with BsrGI, thereby re-inserting the 
left ITR and packaging signal. After restriction enzyme analysis, the construct was 
digested with Seal and SgrAI and an 800 bp fragment was isolated from gel and ligated 
into Scal/SgrAI digested pADAPT+ExSalPac linker. The resulting construct, designated 
pIPspSalAdapt, was digested with Sail, dephosphorylated, and ligated to the 
phosphorylated ExSalPacF/ExSalPacR double-stranded linker previously mentioned. A 
clone in which the Pad site was closest to the ITR was identified by restriction analysis 
and sequences were confirmed by sequence analysis. This novel pAdApt construct, 
termed pEPspAdapt thus harbours two ExSalPac linkers containing recognition sequences 
for Pad, PI-PspI and BstBI, which surround the adenoviral part of the adenoviral adapter 
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construct, and which can be used to linearize the plasmid DNA prior to cotransfection 
with adenoviral helper fragments. 

In order to further increase transgene cloning permutations, a number of 
polylinker variants were constructed based on pIPspAdapt For this purpose, pIPspAdapt 
5 was first digested with EcoRI and dephosphorylated. A linker composed of the following 
two phosphorylated and annealed oligos: Ecolinkerf : 5' -AAT TCG GCG CGC CGT 
CGA CGA TAT CGA TAG CGG CCG C -3' (SEQ. I.D. NO. _) and Ecolinker-: 5 s - 
AAT TGC GGC CGC TAT CGA TAT CGT CGA CGG CGC GCC G -3 ' (SEQ. I.D. 
NO. ) was ligated into this construct, thereby creating restriction sites for AscI, Sail, 

10 EcoRV, Clal and Notl. Both orientations of this linker were obtained, and sequences 
were confirmed by restriction analysis and sequence analysis. The plasmid containing the 
polylinker in the order 5' Hindffl, Kpnl, Agel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, 
Nhel, Hpal, BamHI and Xbal was termed pIPspAdaptl while the plasmid containing the 
polylinker in the order Hindin, Kpnl, Agel, Notl, Clal, EcoRV, Sail, AscI, EcoRI, Nhel, 

1 5 Hpal, BamHI and Xbal was termed pIPspAdapt2. 

To facilitate the cloning of other sense or antisense constructs, a linker composed 
of the following two oligonucleotides was designed, to reverse the polylinker of 
pIPspAdapt: HindXba+ 5'-AGC TCT AGA GGA TCC GTT AAC GCT AGC GAA TTC 
ACC GGT ACC AAG CTT A-3' (SEQ. LD. NO. _); HindXba- 5'-CTA GTA AGC 

20 TTG GTA CCG GTG AAT TCG CTA GCG TTA ACG GAT CCT CTA G-3 9 (SEQ. I.D. 

NO. ). This linker was ligated into Hindlll/Xbal digested pIPspAdapt and the correct 

construct was isolated. Confirmation was done by restriction enzyme analysis and 
sequencing. This new construct, pIPspAdaptA, was digested with EcoRI and the 
previously mentioned Ecolinker was ligated into this construct. Both orientations of this 

25 linker were obtained, resulting in pIPspAdapt3, which contains the polylinker in the order 
Xbal, BamHI, Hpal, Nhel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, Agel, Kpnl and 
Hindlll. All sequences were confirmed by restriction enzyme analysis and sequencing. 

Adapter plasmids based on Ad35 were then constructed as follows: 
The left ITR and packaging sequence corresponding to Ad35 wt sequences nucleotides 1 

30 to 464 (FIG. 5) were amplified by PCR on wtAd35 DNA using the following primers: 
1 Primer 3 5F1: 

25*-CGG AAT TCT TAA TTA ATC GAC ATC ATC AAT AAT ATA CCT TAT AG-3' 
(SEQ. LD. NO. _) 
Primer 35R2: 

35 5'-GGT GGT CCT AGG CTG ACA CCT ACG TAA AAA CAG-3' (SEQ. I.D. NO. _) 
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Amplification introduces a Pad site at the 5 ' end and an Avrll site at the 3' end of the 
sequence. 

For the amplification, Platinum Pfx DNA polymerase enzyme (LTI) was used 
according to manufacturer's instructions, but with primers at 0.6 |xM and with DMSO 
5 added to a final concentration of 3%. Amplification program was as follows: 2 min. at 
94°C, (30 sec. 94°C, 30 sec. at 56°C, 1 min. at 68°C) for 30 cycles, Mowed by 10 min. at 
68°C. 

The PCR product was purified using a PCR purification kit (LTI) according to the 
manufacturer's instructions, and digested with Pad and Avrll. The digested fragment was 

10 then purified from gel using the GENECLEAN kit (Bio 101, Inc.). The Ad5-based 

adapter plasmid pIPspAdApt-3 was digested with Avrll and then partially with Pad and 
the 5762 bp fragment was isolated in an LMP agarose gel slice and ligated with the 
abovementioned PCR fragment digested with the same enzymes and transformed into 
electrocompetent DH10B cells (LTI). The resulting clone is designated pIPspAdApt3- 

15 Ad351ITR. 

In parallel, a second piece of Ad35 DNA was amplified using the following 
primers: 

335F3: 5'- TGG TGG AGA TCT GGT GAG TAT TGG GAA AAC-3' (SEQ. LD. NO. 
_) 

20 435R4: 5'- CGG AAT TCT TAA TTA AGG GAA ATG CAA ATC TGT GAG G-3' 
(SEQ. LD. NO. _J 

The sequence of this fragment corresponds to nucleotides 3401 to 4669 of 
wtAd35 (FIG. 5) and contains 1.3kb of sequences starting directly 3' from the E IB 55k 
coding sequence. Amplification and purification were done as previously described 

25 herein for the fragment containing the left ITR and packaging sequence. The PCR 

fragment was then digested with Pad and subcloned into pNEB193 vector (New England 
Biolabs) digested with Smal and Pad. The integrity of the sequence of the resulting clone 
was checked by sequence analysis. pNEB/Ad35pF3R4 was then digested with Bgin and 
Pad and the Ad35 insert was isolated from gel using the QIAExII kit (Qiagen). 

30 pIPspAdApt3-Ad35HTR was digested with Bglll and then partially with Pad. The 3624 
bp fragment (containing vector sequences, the Ad35 ITR and packaging sequences as 
well as the CMV promoter, multiple cloning region and polyA signal) was also isolated 
using the QIAExII kit (Qiagen). Both fragments were ligated and transformed into 
competent DH10B cells (LTI). The resulting clone, pAdApt35IP3, has the expression 

35 cassette from pIPspAdApt3 but contains the Ad35 left ITR and packaging sequences and 
a second fragment corresponding to nucleotides 3401 to 4669 from Ad35. A second 
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version of the Ad35 adapter plasmid having the multiple cloning site in the opposite 
orientation was made as follows: 

pDPspAdaptl was digested with Ndel and BglE and the 0.7 kbp band containing 
part of the CMV promoter, the MCS and SV40 polyA was isolated and inserted in the 
5 corresponding sites of pAdApt35IP3 generating pAdApt3 SIP 1 (Fig. 6). 

pAdApt35.LacZ and pAdApt35.Luc adapter plasmids were then generated by 
inserting the transgenes from pcDNAXacZ (digested with Kpnl and BamHI) and 
pAdAptLuc (digested with Hindlll and BamHI) into the corresponding sites in 
pAdApt35D?l. The generation of pcDNAXacZ and pAdApt.Luc is described in 
1 0 International Patent Application W099/55 1 32. 

2) Construction of cosmid p WE. Ad3 5 .pIX-rlTR 

FIG. 7 presents the various steps undertaken to construct the cosmid clone 
containing Ad35 sequences from bp 3401 to 34794 (end of the right ITR) that are 
15 described in detail below. 

A first PCR fragment (pDC-Ndel) was generated using the following primer set: 
535F5: 5'-CGG AAT TCG CGG CCG CGG TGA GTA TTG GGA AAA C -3' (SEQ. 
LD. NO. _J 

635R6: 5'-CGC CAG ATC GTC TAC AGA ACA G-3' (SEQ. LD. NO. _) 
20 DNA polymerase Pwo (Roche) was used according to manufacturer's 

instructions, however, with an end concentration of 0.6 jiM of both primers and using 50 

ngr wt Ad35 DNA as template. Amplification was done as follows: 2 min. at 94 °C, 30 

cycles of 30 sec. at 94 °C, 30 sec. at 65 °C and 1 min. 45 sec. at 72 °C, followed by 8 min. 

at 68 °C. To enable cloning in the TA cloning vector PCR2.1, a last incubation with 1 unit 
25 superTaq polymerase (HT Biotechnology LTD) for 1 0 min. at 72 °C was performed. 

The 3370 bp amplified fragment contains Ad35 sequences from bp 3401 to 6772 

with a NotI site added to the 5' end. Fragments were purified using the PCR purification 

kit (LTI). 

A second PCR fragment (Ndel-rlTR) was generated using the following primers: 
30 735F7: 5'-GAA TGC TGG CTT CAG TTG TAA TC -3' (SEQ. LD. NO. _) 

835R8: 5'- CGG AAT TCG CGG CCG CAT TTA AAT CAT CAT CAA TAA TAT 
ACC-3' (SEQ. I.D. NO. _) 

Amplification was done with pfx DNA polymerase (LTI) according to 
manufacturer's instructions but with 0.6 \iM of both primers and 3% DMSO using 10 
35 ngr. of wtAd35 DNA as template. The program was as follows: 3 min. at 94 °C and 5 
cycles of 30 sec. at 94 °C, 45 sec. at 40 °C, 2 min.45 sec. at 68 °C followed by 25 cycles 
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of 30 sec. at 94 °C, 30 sec. at 60 °C, 2 min.45 sec. at 68 °C. To enable cloning in the TA- 
cloning vector PCR2.1, a last incubation with 1 unit superTaq polymerase for 10 min. at 
72 °C was performed. The 1.6 kb amplified fragment ranging from nucleotides 33178 to 
the end of the right ITR of Ad35, was purified using the PCR purification kit ( LTI). 
5 Both purified PCR fragments were ligated into the PCR2. 1 vector of the TA- 

cloning kit (Invitrogen) and transformed into STBL-2 competent cells (LTI). Clones 
containing the expected insert were sequenced to confirm correct amplification. Next, 
both fragments were excised from the vector by digestion with NotI and Ndel and 
purified from gel using the GENECLEAN kit (BIO 101, Inc.). Cosmid vector pWE15 

10 (Clontech) was digested with NotI, dephosphorylated and also purified from gel. These 
three fragments were ligated and transformed into STBL2 competent cells (LTI). One of 
the correct clones that contained both PCR fragments was then digested with Ndel, and 
the linear fragment was purified from gel using the GENECLEAN kit. Ad35 wt DNA 
was digested with Ndel and the 26.6 kb fragment was purified from LMP gel using 

15 agarase enzyme (Roche) according to the manufacturer's instructions. These fragments 
were ligated together and packaged using Xl phage packaging extracts (Stratagene) 
according to the manufacturer's protocol. After infection into STBL-2 cells, colonies 
were grown on plates and analysed for presence of the complete insert. One clone with 
the large fragment inserted in the correct orientation and having the correct restriction 

20 patterns after independent digestions with three enzymes (Ncol, PvuII and Seal) was 
selected. This clone is designated pWE.Ad35.pIX-rITR. It contains the Ad35 sequences 
from bp 3401 to the end and is flanked by NotI sites (FIG. 8). 

3) Generation of Ad35 based recombinant viruses on PER.C6. 

25 Wild type Ad35 virus can be grown on PER.C6 packaging cells to very high 

titers. However, whether the Ad5-El region that is present in PER.C6 is able to 
complement El -deleted Ad35 recombinant viruses is unknown. To test this, PER.C6 cells 
were cotransfected with the above described adapter plasmid pAdApt35.LacZ and the 
large backbone fragment pWE.Ad35.pIX-rITR. First, pAdApt35.LacZ was digested with 

30 Pad and pWE.Ad35.pIX-rITR was digested with NotI. Without further purification, 4 
Hgr of each construct was mixed with DMEM (LTI) and transfected into PERC6 cells, 
seeded at a density of 5x1 0 6 cells in a T25 flask the day before, using Lipofectamin (LTI) 
according to the manufacturer's instructions. As a positive control, 6p,gr of Pad digested 
pWE.Ad35.pDC«rITR DNA was cotransfected with a 6.7 kb Nhel fragment isolated from 

35 Ad35 wt DNA containing the left end of the viral genome including the El region. The 
next day, medium (DMEM with 10% FBS and lOmM MgCl 2 ) was refreshed and cells 
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were further incubated. At day 2 following the transfection, cells were trypsinized and 
transferred to T80 flasks. The positive control flask showed CPE at five days following 
transfection, showing that the pWE.Ad35.pIX-rITR construct is functional at least in the 
presence of Ad35-El proteins. The transfection with the Ad35 LacZ adapter plasmid and 
5 pWE.Ad35.pIX-rITR did not give rise to CPE. These cells were harvested in the medium 
at day 10 and freeze/thawed once to release virus from the cells. 4 ml of the harvested 
material was added to a T80 flask with PER.C6 cells (at 80% confluency) and incubated 
for another five days. This harvest/re-infection was repeated for two times but there was 
no evidence for virus associated CPE. 

10 From this experiment, it seems that the Ad5-El proteins are not, or not well 

enough, capable of complementing Ad35 recombinant viruses, however, it may be that 
the sequence overlap of the adapter plasmid and the pWE.Ad35.pIX-rITR backbone 
plasmid is not large enough to efficiently recombine and give rise to a recombinant virus 
genome. The positive control transfection was done with a 6.7kb left end fragment and 

15 therefore the sequence overlap was about 3.5kb. The adapter plasmid and the 

pWE.Ad35.pIX-rITR fragment have a sequence overlap of 1.3kb. To check whether the 
sequence overlap of 1 .3 kb is too small for efficient homologous recombination, a 
cotransfection was done with Pad digested pWE.Ad35.pK-rITR and a PCR fragment of 
Ad35 wt DNA generated with the above mentioned 35F1 and 35R4 using the same 

20 procedures as previously described herein. The PCR fragment thus contains left end 
sequences up to bp 4669 and, therefore, has the same overlap sequences with 
pWE.Ad35.pIX-.rrrR as the adapter plasmid pAdApt35.LacZ, but has Ad35 El 
sequences. Following PCR column purification, the DNA was digested with Sail to 
remove possible intact template sequences. A transfection with the digested PCR product 

25 alone served as a negative control. Four days after the transfection, CPE occurred in the 
cells transfected with the PCR product and the Ad35 pIX-rlTR fragment, and not in the 
negative control. This result shows that a 1.3kb overlapping sequence is sufficient to 
generate viruses in the presence of Ad35 El proteins. From these experiments, we 
conclude that the presence of at least one of the Ad35.El proteins is necessary to generate 

30 recombinant Ad3 5 based vectors from plasmid DNA on Ad5 complementing cell lines. 
9 
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Example 5 

1) Construction of Ad35.El expression plasmids 

Since Ad5-El proteins in PER.C6 are incapable of complementing Ad35 
recombinant viruses efficiently, Ad35 El proteins have to be expressed in Ad5 
5 complementing cells (e.g., PER.C6). Alternatively, a new packaging cell line expressing 
Ad35 El proteins has to be made, starting from either diploid primary human cells or 
established cell lines not expressing adenovirus El proteins. To address the first 
possibility, the Ad35 El region was cloned in expression plasmids as described below. 

First, the Ad35 El region from bp 468 to bp 3400 was amplified from wtAd35 
1 0 DNA using the following primer set: 

135F11: 5'-GGG GTA CCG AAT TCT CGC TAG GGT ATT TAT ACC-3' (SEQ. LD. 
NO._J 

235F10: 5'-GCT CTA GAC CTG CAG GTTAGT CAG TTT CTT CTC CAC TG-3' 
(SEQ. LD. NO. _3 
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This PCR introduces a Kpnl and EcoRI site at the 5* end and an Sbfl and Xbal 
site at the 3' end. 

Amplification on 5 ngr. template DNA was done with Pwo DNA polymerase 
(Roche) using the manufacturer's instructions, however, with both primers at a final 

5 concentration of 0.6 jiM. The program was as follows: 2 min. at 94 °C, 5 cycles of 30 sec. 
at 94 °C, 30 sec. at 56 °C and 2 min. at 72 °C, followed by 25 cycles of 30 sec. at 94°C, 30 
sec. at 60 °C and 2 min. at 72 °C, followed by 10 min. at 72 °C. PCR product was purified 
by a PCR purification kit (LTI) and digested with Kpnl and Xbal. The digested PCR 
fragment was then ligated to the expression vector pRS VhbvNeo (see below) also 

10 digested with Kpnl and Xbal. Ligations were transformed into competent STBL-2 cells 
(LTI) according to manufacturer's instructions and colonies were analysed for the correct 
insertion of Ad35El sequences into the polylinker in between the RSV promoter and 
HB V polyA. 

The resulting clone was designated pRSV.Ad35-El (FIG. 9). The Ad35 sequences 

1 5 in pRS V. Ad3 5-E 1 were checked by sequence analysis . 

pRSVhbvNeo was generated as follows: pRc-RSV (Invitrogen) was digested with 
PvuII, dephosphorylated with TSAP enzyme (LTI), and the 3kb vector fragment was 
isolated in low melting point agarose (LMP). Plasmid pPGKneopA (FIG. 10; described in 
International Patent Application W096/35798) was digested with Sspl completely to 

20 linearize the plasmid and facilitate partial digestion with PvuII. Following the partial 
digestion with PvuII, the resulting fragments were separated on a LMP agarose gel and 
the 2245 bp PvuII fragment, containing the PGK promoter, neomycin-resistance gene and 
HB VpoIyA, was isolated. Both isolated fragments were ligated to give the expression 
vector pRSV-pNeo that now has the original SV40prom-neo-SV40polyA expression 

25 cassette replaced by a PGKprom-neo-HBVpolyA cassette (FIG. 1 1). This plasmid was 
further modified to replace the BGHpA with the HBVpA as follows: pRSVpNeo was 
linearised with Seal and further digested with Xbal. The 1 145 bp fragment, containing 
part of the Amp gene and the RSV promoter sequences and polylinker sequence, was 
isolated from gel using the GeneClean kit (Bio Inc. 101). Next, pRSVpNeo was 

30 linearised with Seal and further digested with EcoRI partially and the 3704 bp fragment 

containing the PGKneo cassette and the vector sequences were isolated from gel as 

above. A third fragment, containing the HBV polyA sequence flanked by Xbal and 

EcoRI at the 5' and 3 5 end respectively, was then generated by PCR amplification on 

pRSVpNeo using the following primer set: 

35 3HBV-F: 5'- GGC TCT AGA GAT CCT TCG CGG GAC GTC -3' (SEQ. LD. NO. _J 
and 
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4HBV-R: 5'- GGC GAA TTC ACT GCC TTC CAC CAA GC -3' (SEQ. ID. NO. _). 

Amplification was done with Elongase enzyme (LTI) according to the 
manufacturer's instructions with the following conditions: 30 seconds at 94°C, then 5 
cycles of 45 seconds at 94 °C, 1 minute at 42 °C and 1 minute 68 °C, followed by 30 
cycles of 45 seconds at 94 °C, 1 minute at 65 °C and 1 minute at 68 °C, followed by 10 
minutes at 68 °G The 625 bp PCR fragment was then purified using the Qiaquick PCR 
purification kit, digested with EcoRI and Xbal and purified from gel using the 
GENECLEAN kit. The three isolated fragments were ligated and transformed into DH5cc 
competent cells (LTI) to give the construct pRSVhbvNeo (FIG. 12). In this construct, the 
transcription regulatory regions of the RSV expression cassette and the neomycin 
selection marker are modified to reduce overlap with adenoviral vectors that often 
contain CMV and SV40 transcription regulatory sequences. 

2) Generation of Ad35 recombinant viruses on PER.C6 cells cotransfected with an 
Ad35-El expression construct . 

PER.C6 cells were seeded at a density of 5 x 10 6 cells in a T25 flask and, the next 
day, transfected with a DNA mixture containing: 

1 jixg pAdApt35.LacZ digested with Pad 
5 p.gpRSV.Ad35El undigested 

2 ng pWE. Ad35.pDC-rITR digested with NotI 

Transfection was done using Lipofectamine according to the manufacturer's 
instructions. Five hours after addition of the transfection mixture to the cells, medium 
was removed and replaced by fresh medium. After two days, cells were transferred to 
T80 flasks and further cultured. One week post-transfection, 1 ml of the medium was 
added to A549 cells and, the following day, cells were stained for LacZ expression. Blue 
cells were clearly visible after two hours of staining indicating that recombinant LacZ 
expressing viruses were produced. The cells were further cultured, but no clear 
appearance of CPE was noted. However, after 12 days, clumps of cells appeared in the 
monolayer and 1 8 days following transfection, cells were detached. Cells and medium 
were then harvested, freeze-thawed once, and 1 ml of the crude lysate was used to infect 
PER.C6 cells in a 6-well plate. Two days after infection, cells were stained for LacZ 
activity. After two hours, 1 5% of the cells were stained blue. To test for the presence of 
wt and / or replicating competent viruses, A549 cells were infected with tHese viruses and 
further cultured. No signs of CPE were found indicating the absence of replication 
competent viruses. These experiments show that recombinant AdApt35.LacZ viruses 
were made on PER.C6 cells cotransfected with an Ad35-El expression construct. 
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Ad35 recombinant viruses escape neutralization in human serum containing neutralizing 
activity to Ad5 viruses. 

The AdApt35.LacZ viruses were then used to investigate infection in the presence 
of serum that contains neutralizing activity to Ad5 viruses. Purified Ad5-based LacZ 
5 virus served as a positive control for NA. Hereto, PER.C6 cells were seeded in a 24-wells 
plate at a density of 2x1 0 5 cells/well. The next day, a human serum sample with high 
neutralizing activity to Ad5 was diluted in culture medium in five steps of five times 
dilutions. 0.5 ml of diluted serum was then mixed with 4xl0 6 virus particles 
AdAptS.LacZ virus in 0.5 ml medium and after 30 minutes of incubation at 37 °C, 0.5 ml 

10 of the mixture was added to PER.C6 cells in duplicate. For the AdApt35.LacZ viruses, 
0.5 ml of the diluted serum samples were mixed with 0.5 ml crude lysate containing 
AdApt35.LacZ virus and after incubation 0.5 ml of this mixture was added to PER.C6 
cells in duplo. Virus samples incubated in medium without serum were used as positive 
controls for infection. After two hours of infection at 37 °C, medium was added to reach a 

15 final volume of 1 ml and cells were further incubated. Two days after infection, cells 
were stained for LacZ activity. The results are shown in Table II. From these results, it is 
clear that whereas AdApt5.LacZ viruses are efficiently neutralized, AdApt35.LacZ 
viruses remain infectious irrespective of the presence of human serum. This proves that 
recombinant Ad35-based viruses escape neutralization in human sera that contain NA to 

20 Ad5-based viruses. 

Example 6 

Generation of cell lines capable of complementing El -deleted Ad35 viruses 
Generation of pIG135 andpIG270 

25 Construct pIG.ElAJE IB (FIG. 13) contains El region sequences of Ad5 

corresponding to nucleotides 459 to 3510 of the wt Ad5 sequence (Genbank accession 
number M72360) operatively linked to the human phosphoglycerate kinase promoter 
("PGK") and the Hepatitis B Virus polyA sequences. The generation of this construct is 
described in International Patent Application No. WO97/00326. The El sequences of 

30 Ad5 were replaced by corresponding sequences of Ad35 as follows. pRSV.Ad35-El 
(described in Example 5) was digested with EcoRI and Sse8387I and the 3 kb fragment 
corresponding to the Ad35 El sequences was isolated from gel. Construct pIG.ElA.ElB 
was digested with Sse8387I completely and partially with EcoRI. The 4.2 kb fragment 
corresponding to vector sequences without the Ad5 El region but retaining the PGK 

35 promoter were separated from other fragments on LMP agarose gel and the correct band 
was excised from gel. Both obtained fragments were ligated resulting in pIG.Ad35-El . 



WO 02/40665 



28 



PCT/NLO 1/00824 



This vector was further modified to remove the LacZ sequences present in the 
pUCl 19 vector backbone. Hereto, the vector was digested with BsaAI and BstXI and the 
large fragment was isolated from gel. A double stranded oligo was prepared by annealing 
the following two oligos: 
5 1BB1: 5'-GTG CCT AGG CCA CGG GG-3' (SEQ. LD. NO. _) and 
2BB2: S'-GTG GCC TAG GCA C-3' (SEQ. ID. NO. _). 

Ligation of the oligo and the vector fragment resulted in construct pIG135 (FIG. 
14). Correct insertion of the oligo restores the BsaAI and BstXI sites and introduces a 
unique Avrll site. Next, we introduced a unique site at the 3 * end of the Ad35-El 

10 expression cassette in pIG135. Hereto, the construct was digested with Sapl and the 3' 
protruding ends were made blunt by treatment with T4 DNA polymerase. The thus 
treated linear plasmid was further digested with BsrGI and the large vector-containing 
fragment was isolated from gel. To restore the 3* end of the HBVpolyA sequence and to 
introduce a unique site, a PCR fragment was generated using the following primers: 

15 3270F: 5'- CAC CTC TGC CTA ATC ATC TC -3' (SEQ. LD. NO. _) and 

4270R: 5'- GCT CTA GAA ATT CCA CTG CCT TCC ACC -3' (SEQ. LD. NO. _). 

The PCR was performed on pIG.Ad35.El DNA using Pwo polymerase (Roche) 
according to the manufacturer's instructions. The obtained PCR product was digested 
with BsrGI and dephosphorylated using Tsap enzyme (LTI), the latter to prevent insert 

20 dimerization on the BsrGI site. The PCR fragment and the vector fragment were ligated 
to yield construct pIG270 (FIG. 15). 

Ad35 El sequences are capable of transforming rat primary cells 

New born WAG/RIJ rats were sacrificed at 1 week of gestation and kidneys were 

25 isolated. After careful removal of the capsule, kidneys were disintegrated into a single 
cell suspension by multiple rounds of incubation in trypsin/EDTA (LTI) at 37 °C and 
collection of floating cells in cold PBS containing 1% FBS. When most of the kidney was 
trypsinized all cells were re-suspended in DMEM supplemented with 10% FBS and 
filtered through a sterile cheesecloth. Baby Rat Kidney (BRK) cells obtained from one 

30 kidney were plated in 5 dishes (Greiner, 6 cm). When a confluency of 70-80% was 
reached, the cells were transfected with 1 or 5 ^igr DNA/dish using the CaPCU 
precipitation kit (LTI) according to the manufacturer's instructions. The following 
constructs were used in separate transfections: pIG.El A.E1B (expressing the Ad5-El 
region), pRSV.Ad35-El, pIG.Ad35-El and pIG270 (expressing the Ad35-El region). 

35 Cells were incubated at 37 °C, 5% CO2 until foci of transformed cells appeared. Table III 
shows the number of foci that resulted from several transfection experiments using 
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circular or linear DNA. As expected, the Ad5-El region efficiently transformed BRK 
cells. Foci also appeared in the Ad35-El transfected cell layer although with lower 
efficiency. The Ad35 transformed foci appeared at a later time point: ~2 weeks post 
transfection compared with 7-10 days for Ad5-El. These experiments clearly show that 

5 the El genes of the B group virus Ad35 are capable of transforming primary rodent cells. 
This proves the functionality of the Ad35-El expression constructs and confirms earlier 
findings of the transforming capacity of the B-group viruses Ad3 and Ad7 (Dijkema, 
1979). To test whether the cells in the foci were really transformed a few foci were 
picked and expanded. From the 7 picked foci at least 5 turned out to grow as established 

10 cell lines. 

Generation of new packaging cells derived from primary human amniocytes 

Amniotic fluid obtained after amniocentesis was centrifuged and cells were re- 
suspended in AmnioMax medium (LTI) and cultured in tissue culture flasks at 37 °C and 

15 1 0 % CO2. When cells were growing nicely (approximately one cell division/24 hrs.), the 
medium was replaced with a 1 :1 mixture of AmnioMax complete medium and DMEM 
low glucose medium (LIT) supplemented with Glutamax I (end concentration 4mM, LTI) 
and glucose (end concentration 4.5 gr/L, LTI) and 10% FBS (LTI). For transfection ~ 
5x10 cells were plated in 10 cm tissue culture dishes. The day after, cells were 

20 transfected with 20 ngr of circular pIG270/dish using the CaP0 4 transfection kit (LTI) 
according to manufacturer's instructions and cells were incubated overnight with the 
DNA precipitate. The following day, cells were washed 4 times with PBS to remove the 
precipitate and further incubated for over three weeks until foci of transformed cells 
appeared. Once a week the medium was replaced by fresh medium. Other transfection 

25 agents like, but not limited to, LipofectAmine (LTI) or PEI (Polyethylenimine, high 

molecular weight, water-free, Aldrich) were used. Of these three agents PEI reached the 
best transfection efficiency on primary human amniocytes: -1% blue cells 48 hrs. 
Following transfection of pAdApt35. LacZ. 

Foci are isolated as follows. The medium is removed and replaced by PBS after 

30 which foci are isolated by gently scraping the cells using a 50-200 jul Gilson pipette with 
a disposable filter tip. Cells contained in ~10 jjjtiI PBS were brought in a 96 well plate 
containing 15 jal trypsin/EDTA (LTI) and a single cell suspension was obtained by 
pipetting up and down and a short incubation at room temperature. After addition of 200 
jlxI of the above described 1:1 mixture of AmnioMax complete medium and DMEM with 

35 supplements and 10% FBS, cells were further incubated. Clones that continued to grow 
were expanded and analysed their ability to complement growth of El -deleted adenoviral 
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vectors of different sub-groups, specifically ones derived from B-group viruses 
specifically from Ad35 or Adl L 

Generation of new packaging cell lines from HER cells 
5 HER cells are isolated and cultured in DMEM medium supplemented with 1 0% 

FBS (LTI). The day before transfection, ~5xl 0 5 cells are plated in 6 cm dishes and 
cultured overnight at 37 °C and 10% C0 2 . Transfection is done using the CaP0 4 
precipitation kit (LTI) according to the manufacturer's instructions. Each dish is 
transfected with 8- 1 0 pjngr p I G2 7 0 DNA, either as a circular plasmid or as a purified 

1 0 fragment. To obtain the purified fragment, pIG270 was digested with Avrll and Xbal and 
the 4 kb fragment corresponding to the Ad35 El expression cassette was isolated from 
gel by agarase treatment (Roche). The following day, the precipitate is washed away 
carefully by four washes with sterile PBS. Then fresh medium is added and transfected 
cells are further cultured until foci of transformed cells appear. When large enough (>100 

15 cells) foci are picked and brought into 96-wells as described above. Clones of 

transformed HER cells that continue to grow, are expanded and tested for their ability to 
complement growth of El -deleted adenoviral vectors of different sub-groups specifically 
ones derived from B-group viruses specifically from Ad35 or Adl 1. 

20 New packaging cell lines derived from PER. C6 

As described in Example 5, it is possible to generate and grow Ad35 El -deleted 
viruses on PER.C6 cells with cotransfection of an Ad35-El expression construct, e.g. 
pRSV.Ad35.El. However, large-scale production of recombinant adenoviruses using this 
method is cumbersome because, for each amplification step, a transfection of the Ad35- 

25 El construct is needed. In addition, this method increases the risk of non-homologous 
recombination between the plasmid and the virus genome with high chances of 
generation of recombinant viruses that incorporate El sequences resulting in replication 
competent viruses. To avoid this, the expression of Ad35-El proteins in PERC6 has to 
be mediated by integrated copies of the expression plasmid in the genome. Since PER.C6 

3 0 cells are already transformed and express Ad5-E 1 proteins, addition of extra Ad3 5-E 1 
expression may be toxic for the cells, however, it is not impossible to stably transfect 
transformed cells with El proteins since Ad5-El expressing A549 cells have been 
generated. 

In an attempt to generate recombinant adenoviruses derived from subgroup B 
35 virus Ad7, Abrahamsen et al (1 997) were not able to generate El-deleted viruses on 293 
cells without contamination of wt Ad7. Viruses that were picked after plaque purification 
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on 293-ORF6 cells (Brough et al y 1996) were shown to have incorporated Ad7 E1B 
sequences by non-homologous recombination. Thus, efficient propagation of Ad7 
recombinant viruses proved possible only in the presence of Ad7-E1B expression and 
Ad5-E4-ORF6 expression. The E1B proteins are known to interact with cellular as well 
5 as viral proteins (Bridge et al y 1993; White, 1995). Possibly, the complex formed 

between the E1B 55K protein and E4-ORF6 which is necessary to increase mRNA export 
of viral proteins and to inhibit export of most cellular mRNAs, is critical and in some way 
serotype specific. The above experiments suggest that the El A proteins of Ad5 are 
capable of complementing an Ad7-E1A deletion and that Ad7-E1B expression in 

10 adenovirus packaging cells on itself is not enough to generate a stable complementing 
cell line. To test whether one or both of the Ad35-E1B proteins is/are the limiting factor 
in efficient Ad35 vector propagation on PER.C6 cells, we have generated an Ad35 
adapter plasmid that does contain the El B promoter and E1B sequences but lacks the 
promoter and the coding region for El A. Hereto, the left end of wtAd35 DNA was 

1 5 amplified using the primers 35F1 and 35R4 (both described in Example 4) with Pwo 
DNA polymerase (Roche) according to the manufacturer's instructions. The 4.6 kb PCR 
product was purified using the PCR purification kit (LTI) and digested with SnaBI and 
Apal enzymes. The resulting 4.2 kb fragment was then purified from gel using the 
QIAExII kit (Qiagen). Next, pAdApt35IPl (Example 4) was digested with SnaBI and 

20 Apal and the 2.6 kb vector-containing fragment was isolated from gel using the 
GeneClean kit (BIO 101, Inc). Both isolated fragments were ligated to give 
pBr/Ad35.1eftITR-pIX (FIG.16). Correct amplification during PCR was verified by a 
functionality test as follows: The DNA was digested with BstBI to liberate the Ad35 
insert from vector sequences and 4 \x.q of this DNA was co-transfected with 4 jig of 

25 NotI digested pWE/Ad35.pIX-rITR (Example 4) into PER.C6 cells. The transfected cells 
were passaged to T80 flasks at day 2 and again two days later CPE had formed showing 
that the new pBr/Ad35.1eftITR-pIX construct contains functional El sequences. The 
pBr/Ad35.1eftITR-pIX construct was then further modified as follows. The DNA was 
digested with SnaBI and HindlH and the 5' Hindll overhang was filled in using Klenow 

30 enzyme. Religation of the digested DNA and transformation into competent cells (LTI) 
gave construct pBr/Ad351eftITR-pIXADE 1 A (FIG. 17). This latter construct contains the 
left end 4.6 kb of Ad35 except for E1A sequences between bp 450 and 1341 (numbering 
according to wtAd35, FIG. 5) and thus lacks the El A promoter and most of the El A 
coding sequences. pBr/Ad35.1eftITR-pDCADElA was then digested with BstBI and 2 \xq 

35 of this construct was co-transfected with 6 pmgr of NotI digested 
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pWE /Ad35 . plx-r ITR (Example 4) into PER.C6 cells. One week following 
transfection full CPE had formed in the transfected flasks. 

This experiment shows that the Ad35-E1A proteins are functionally 
complemented by Ad5-El A expression in PER.C6 cells and that at least one of the Ad35- 
5 E1B proteins cannot be complemented by Ad5-El expression in PER.C6. It further 
shows that it is possible to make a complementing cell line for Ad35 El -deleted viruses 
by expressing Ad35-E1B proteins in PER.C6. Stable expression of Ad35-E1B sequences 
from integrated copies in the genome of PER.C6 cells may be driven by the E1B 
promoter and terminated by a heterologous poly-adenylation signal like, but not limited 

10 to, the HBVpA. The heterologous pA signal is necessary to avoid overlap between the 
E1B insert and the recombinant vector, since the natural E1B termination is located in the 
pIX transcription unit that has to be present on the adenoviral vector. Alternatively, the 
E1B sequences may be driven by a heterologous promoter like, but not limited to the 
human PGK promoter or by an inducible promoter like, but not limited to the 7xtetO 

15 promoter (Gossen and Bujard, 1992). Also in these cases the transcription termination is 
mediated by a heterologous pA sequence, e.g. the HBV pA. The Ad35-E1B sequences at 
least comprise one of the coding regions of the E1B 21K and the E1B 55K proteins 

■ 

located between nucleotides 161 1 and 3400 of the wt Ad35 sequence. The insert may also 
include (part of the) Ad35-E1B sequences between nucleotides 1550 and 161 1 of the wt 
20 Ad35 sequence. 

Example 7 

Ad35-based viruses deleted for El A and El B-2 IK genes efficiently propagate on Ad5 
complementing cell lines. 

25 The generation of Ad35-based viruses that are deleted for El A and retain the full 

E1B region is described in Example 6 of this application. Such viruses can be generated 
and propagated on the Ad5 complementing cell line PER.C6. The E1B region comprises 
partially overlapping coding sequences for the two major proteins 21K and 55K (Bos et 
al^ 1981). Whereas during productive wt adenoviral infection both 21K and 55K are 

30 involved in counteracting the apoptose-inducing effects of El A proteins, the E1B 55K 
protein has been suggested to have additional functions during the late phase of virus 
infection. These include the accumulation of viral mRNAs, the control of late viral gene 
expression and the shutoff of most host mRNAs at the level of mRNA transport (Babiss 
et al. y 1984, 1985; Pilder et ai 9 1986). A complex formed between E1B-55K and the 

35 ORF6 protein encoded by the adenovirus early region 4 (Leppard and Shenk, 1989; 
Bridge and Ketner, 1990) exerts at least part of these functions. 
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To analyze which of the E1B proteins is required for propagation of Ad35-E1A 
deleted recombinant viruses on PER.C6 packaging cells, the E1B region in construct 
pBr Ad3 5 .leftlTR-pDCAE 1 A (see Example 6 and FIG. 17) was further deleted. A first 
construct, pBr.Ad35A2 IK, retains the full E1B-55K sequence and is deleted for E1A 
5 and E1B-21K. Hereto, pBr.Ad35.1eftITR-pIXAE 1 A was digested with Ncol and BspEl 
and the 5 KB vector fragment was isolated from agarose gel using the geneclean kit (BIO 
101, Inc.) according to the manufacturer's instructions. Then a PCR fragment was 
generated with pBr.Ad35.1eftITR-pIXAE 1 A as template DNA using the following 
primers: 

10 135D21 : 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3' (SEQ. I.D. NO. _) and 
235B3: 5'- CCT CAG CCC CAT TTC CAG-3' (SEQ. ID. NO. _). 
3Amplification was done using Pwo DNA polymerase (Roche) according to 
manufacturer's recommendations with the addition of DMSO (final concentration 3%) in 
the reaction mixture. The PCR program was as follows: 94°C for 2', then 30 cycles of 

15 94°C for 30", 58°C for 30" and 72°C for 45" and a final step at 68°C for 8' to ensure 
blunt ends. 

This PCR amplifies Ad35-E1B sequences from nucl. 1908 to 2528 (sequence 
Ad35, FIG. 5) and introduces an Ncol site at the start codon of the E1B-55K coding 
sequence (bold in primer 35D21). The 620 bp PCR fragment was purified using the PCR 

20 purification kit (Qiagen) and then digested with Ncol and BspEI, purified from agarose 
gel as above and ligated to the above described NcoI/BspEl digested vector fragment to 
givepBr.Ad35A21K (FIG. 18). 

Since the coding regions of the 2 IK and 55K proteins overlap, it is only possible 
delete part of the 55K coding sequences while retaining 2 IK. Hereto, pBr.Ad35.1eftITR- 

25 pIXAElA was digested with Bglll and the vector fragment was religated to give 

pBr.Ad35A55Kl (FIG. 19). This deletion removes E1B coding sequences from nucl. 
2261 to 3330 (Ad35 sequence in FIG. 5). In this construct the N-terminal 1 15 amino 
acids are retained and become fused to 21 additional amino acids out of the proper 
reading frame before a stop codon is encountered. The 21K coding region is intact in 

30 construct pBr.Ad35A5 5 Kl . 

A third construct that has a deletion of El A, 21K and most of the 55K sequences 
was generated as follows. pBr.A<B5.1eftITR-pIX (FIG. 16) was digested with SnaBI and 
Mfel (isoschizomer of Muni) and the 5' overhang resulting from the Mfel digestion was 
filled in using Klenow enzyme. The 4.4 kb vector fragment was isolated from gel using 
35 the geneclean kit (Bio 101, Inc.) according to the manufacturer's instructions and 
religated to give construct pBr.Ad35ASM (FIG. 20). In this construct, the Ad35 
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sequences between nucl. 453 and 2804 are deleted thus 596 nucl. of the 3' end of Blb- 
55K are retained. A further deletion of 55K sequences was made in construct 
pBr.Ad35AElA . AE1B by digestion of pBr.Ad35.1eftITR-pDC with SnaBI and BglH, 
Klenow treatment to fill in the Bglll cohesive ends, and religation. FIG. 21 shows a 
5 schematic representation of the above mentioned constructs. 

To test whether Ad35-based viruses can be generated with these constructs, each 
of the constructs was cotransfected with NotI digested pWE.Ad35pD£-rITR (see Example 
4) onto PER.C6 cells. Hereto, the respective fragments were PCR amplified using 
primers 35F1 and 35R4 (see, Example 4). This PCR amplification was done since some 

10 of the constructs were difficult to isolate in large enough quantities. In this way, equal 
quality of the different adapter fragments was ensured. For the amplification Pwo DNA 
polymerase (Roche) was used according to the manufacturer's instructions but with 
DMSO (3% final concentration)added to the PCR mixture. Of each template ~ 50 ng 
DNA was used. The conditions for the PCR were as follows: 94°C for 2\ then 5 cycles of 

15 94°C for 30", 48°C for 45" and 72°C for 4' followed by 25 cycles of 94°C for 30", 
60°C for 30" and 72°C for 4* and a final step at 68°C for 8\ 
4PCR fragments were generated from pBr.Ad351eftiTR-pIX, pBr.Ad35.1eftITR- 
pIXAElA, pBr .Ad35A21K, pBr . Ad35A55Kl, pBr . Ad35ASM and 
pBr . Ad35AElAAElB . All fragments were using the PCR purification kit (Qiagen) 

20 according to manufacturer's instructions and final concentrations were estimated on EtBr 
stained agarose gel using the Eagle Eye II Still Video system and EagleSight software 
(Stratagene) with the SmartLadder molecular weight marker (Eurogentec) as reference. 
PER.C6 cells were seeded at a density of 2.5x1 0 6 cells in a T25 culturing flask in DMEM 
containing 10% fetal calf serum (PCS) and lOmM MgS0 4 and cultured in a humidified 

25 stove at 37°C, 10% CO z . The next day, 3 mg of each of the PCR fragments was 
cotransfected with 5 \xgr NotI digested pWE .Ad35pIX-rITR using 
LipofectAmine (GD3CO, Life Technologies Inc.) according to the manufacturer's 
instructions. Two days after the transfection, all cells were passed to a T80 flask and 
further cultured. Cultures were then monitored for the appearance of CPE. In line with 

30 the outcome of previous experiments described in Examples 4 and 6, pBr.Ad35.1eftITR- 
pIX and pBr.Ad35.1eftITR-pIXAE 1 A showed almost full CPE within one week 
following transfection. Of the fragments with different E1B deletions only 
pBr.Ad35A2 IK showed CPE at the same time as the above two fragments. Constructs 
pBr.Ad35A55Kl, pBr.Ad35ASM and pBr . Ad35AElAAElB did not give CPE at 

35 all, also not after harvesting by freeze-thawing and re-infection of the crude lysate onto 
fresh PER.C6 cells. 
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From these experiments, it can be concluded that Ad35-E1B-55K, and not E1B- 
21K, is necessary for generation and propagation of Ad35-based viruses on Ad5 
complementing cell lines. Therefore, Ad35-based viruses having a deletion of the El A 
and E1B 21K genes and having the E1B-55K gene or a functional fragment thereof, can 

5 be grown on Ad5 complementing cell lines. Alternatively, Ad35-based viruses can be 
grown on PER.C6 cells that stably express the full E1B region or the E1B-55K gene or a 
functional fragment thereof. The Ad35 E1B-55K gene or functional parts thereof may be 
expressed from a heterologous promoter, like, but not limited to, the human PGK 
promoter, the human cytomegalovirus immediate early promoter (CMV), Rous sarcoma 

10 virus promoter, etc. and terminated by a heterologous poly adenylation sequence (pA), 
like but not limited to the hepatitis B virus poly adenylation sequence (HBVp A), the 
Simian Virus 40 poly adenylation sequence (SV40pA), etc. As non-limiting examples 
PER.C6 cells that express the Ad35-E1B region driven by the E1B promoter and 
HBVpA, PER.C6 cells that express the Ad35-E1B region driven by the human PGK 

15 promoter and HBVpA and PER.C6 cells that express a functional fragment of Ad35 E1B- 
55K driven by the human PGK promoter and HBVpA are described below. 

Generation ofpIG35BL and pIG35BS 

We describe the generation of two expression constructs, pIG.35BS and 

20 pIG.35BL, that both carry the Ad35-E1B genes and a neomycin selection marker. The 
two constructs differ in the length of the fragment containing the E1B promoter. In 35BL 
the promoter fragment is longer and includes the 3 ' end of the El A region (103 nucl. 
coding sequence and pA). The E1B region is terminated by the HBVpolyA, the neo r 
gene is driven by a hPGK promoter/HBVp A cassette. 

25 pIG.35BL was made as follows. Construct pRSV.Ad35El (described in Example 5, FIG. 
9) was digested with Nrul and Hindin and the protruding ends were filled in by Klenow 
treatment. The 7 kb vector fragment was separated from the smaller fragment on gel and 
isolated using the geneclean kit (BIO 101, Inc.). After religation of the DNA and 
transformation into competent STBL2 cells (Gibco, LTl) correct clones were isolated. 

30 pIG.35BL (FIG. 22) contains 273 nucl. upstream of the start site of the E1B-21K coding 
region. 

pIG.35BS was made in the same way as pIG.35BL except that pRSV.Ad35El was 
digested with Nrul and Hpal (both enzymes leave blunt ends), resulting in a shorter 
fragment upstream of the coding region of E1B-21K: 97 nucleotides. 
35 To generate Ad35-E1B expressing cells, PER.C6 cells were seeded in 10 cm dishes at 
lxlO 6 cells/dish. Two days later cells were transfected with Seal linearised constructs. 
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Four dishes were transfected with 1 and four with 2 \ig DNA (total of 16 dishes; 
Lipofectamine (Gibco, LTI), no carrier DNA used) according to the manufacturer's 
instructions. The next day, transfected cells received G418-containing medium (0.75 
mg/ml). Control transfections using LacZ expression constructs (2 \xg ) were stained 

5 after 48 hrs and showed a transfection efficiency of -25%. Four days following addition 
of selection medium untransfected cells started to die and again three days later clones 
were becoming visible. A week later, the first clones were picked. Transfection with 1 |ng 
resulted in less and also initially smaller clones (total -20 clones/dish against >50 
clones/dish for the transfection with 2 \iq DNA). The positive control transfection using 

10 2 jig pcDNA3 (Invitrogen) resulted in ~ 50 clones. 

In total, 120 clones were picked and 107 were succesftilly established (55 from pIG35BS 
and 52frompIG35BL). 

Generation of pIG35Bneo 

15 pIG35Bneo is an Ad35-E1B expression plasmid from which the BIB genes are 

expressed from a heterologous promoter (hPGK) and that also contains a neomycin 
resistance expression cassette. To avoid instability of the plasmid due to recombination 
events on homologous sequences, the RSV promoter drives the neo r gene. To achieve 
this, construct pRSVhbv.Neo (described in Example 5, FIG. 12) was digested with Seal 

20 and BamHI and protruding ends were filled in using Klenow enzyme. The 1 070 bp 

fragment containing part of the Ampicilin gene and the RSV promoter was isolated from 
gel using the geneclean kit (BIO 101, Inc.). Next, pRSVhbvNeo was digested with Seal 
and EcoRI, blunted with Klenow and the 3.2 kb fragment containing the neo gene, 
HB VpA, vector and part of the Ampicilin gene was isolated as above. The two fragments 

25 were then ligated to give pRS Vneo4 (FIG. 23). Construct pIG270 (FIG. 1 5, described in 
Example 6) was then digested with EcoRI and Ncol and sticky ends were blunted with 
Klenow enzyme. The vector-containing fragment was isolated from gel as described 
above and religated to give pIG270delElA. This construct was digested with Avrll and 
Xbal and protruding ends were filled in using Klenow enzyme. The 2.9 kb fragment 

30 containing the hPGK promoter and Ad35.ElB sequences was isolated from gel as above. 
Next, pRSVneo4 was digested with Bglll, blunted with Klenow enzyme, 
dephosphorylated and isolated from gel. The blunted Avrll/Xbal Ad35.ElB fragment 
was then ligated with the above prepared pRSVneo4 vector fragment and resulting clones 
were analysed. One clone that contained both expression cassettes in the same 

35 orientation was choosen and named pIG35Bneo (FIG. 24). Detailed analysis of this clone 
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revealed that an extra BgUI site was present probably due to an incomplete Klenow 
reaction (BgUI site at micl 2949 in FIG. 24). 

Generation of pIG35.55K 
5 Construct pIG35.55K is similar to pIG35Bneo, however, it lacks the coding 

region of Ad35.ElB-21K. Hereto, both the E1A and E1B-21K sequences are first deleted 

from pIG27 0 as follows : 

Construct pIG270 is digested with EcoRI, treated with Klenow enzyme and 

purified using a PCR purification kit (Qiagen) according to the manufacturer's 
10 instructions. The recovered DNA is then digested with Agel and the ~5 kb vector 

fragment was isolated from gel as above. Next, Ad35 E1B-55K sequences sre amplified 

by PCR on pIG270 template DNA using the following primers: 

535D21: 5>- TTA GAT CCA TGG ATC CCG CAG ACT C-3* (SEQ. LD. NO. _) and 
635B3: 5 J - CCT CAG CCC CAT TTC CAG-3' (SEQ. LD. NO. _). 

15 The conditions used for the amplification are as previously described. The PCR fragment 
is purified using the PCR purification kit (Qiagen) and digested with NcoL Following 
Klenow treatment to fill in the protruding ends, the DNA is further digested with Agel 
and again column purified. The thus treated PCR fragment is then cloned into the above 
prepared EcoRI/Agel digested vector fragment to give pIG270. AE 1 AA2 1 K . The last 

20 steps to obtain pIG35.55K (FIG. 25) are equivalent to the last steps described above for 
the generation of pIG35Bneo starting with pIG270. AE 1 AA2 1 K instead of 
pIG270.AE!A. 

pIG35.55K is then linearized with Seal and used to transfect PER.C6 cells as 
described above. Clones that are resistent to G418 selection are picked and analysed for 
25 their ability to complement the propagation of El-deleted Ad35 viruses. 

Example 8 

New packaging cell lines for the generation and propagation of El-deleted Ad35- 
based vectors derived from primary human cells. 

30 The complete morphological transformation of primary cells by adenovirus El 

genes is the result of the combined activities of the proteins encoded by the El A and E1B 
regions. The roles of the different El proteins in lytic infection and in transformation 
have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus El A proteins are essential for transformation of primary cells. 

35 The El A proteins exert this effect through direct interaction with a number of cellular 
proteins that are involved in regulation of transcription. These include the pRB family of 
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proteins, p300/CBP and TATA binding protein. In addition to this El A increases the 
level of p53 protein in the cells. In the absence of adenovirus E1B activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the E1B region 
counteract the induction of apoptosis although by different mechanisms. E1B-21K seems 
5 to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 
proteins downstream in the apoptosis pathway (Han et al> 1996), whereas E1B-55K 
functions through direct interaction with p53. Importantly, the molecular mechanism by 
which the E1B-55K proteins of Ad2 and 5 (subgroup C) and Adl2 (subgroup A) function 
in the ability to neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 
10 and the complex localises to the cytoplasm, Adl2 E1B-55K binds p53 weakly and both 
proteins are localised in the nucleus (Zantema et al, 1985; Grand et al, 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Y ew and Berk, 
1992). 

In rodent cells, the activity of El A together with either E1B-21K or 55K is 

1 5 sufficient for full transformation although expression of both E1B proteins together is 
twice as efficient (Rao et al, 1992; ). In human cells however, the activity of the E1B- 
55K protein seems to be more important given the observation that E1B-55K is 
indispensible for the establishment of transformed cells (Gallimore, 1986). 
Example 6 hereof describes the generation of pIG270. In this construct the Ad35-El 

20 genes are expressed from the hPGK promoter and transcription is terminated by the 
HBVpA. The hPGK promoter constitutes a HincII-EcoRI fragment of the promoter 
sequence described by Singer-Sam et al (1984). The HBVpA is located in a BamHI- 
Bglll fragment of the Hepatitis B virus genome (Simonsen and Levinson, 1983; see also 
Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 

25 sequences of the El expression constructs described in this invention may be derived 
from other sources whithout departing from the invention. Also, other functional 
fragments of the hPGK and HBVpA sequences mentioned above may be used. 

The functionality of pIG270 was shown by transformation of primary Baby Rat 
Kidney cells (BRK). Comparison with an equivalent Ad5-El expression construct 

30 learned that Ad35-El genes were less efficient in transforming these cells. The same has 
been found for the El genes of Adl2 (Bernards et al, 1982). 

It is unclear which El protein(s) determine(s) the difference in transformation 
efficiency of El sequences observed for adenoviruses from different subgroups. In the 
case of Adl2, transfection studies with chimeric E1A/E1B genes suggested that the 

35 efficiency of transformation of BRK cells was determined by the El A proteins (Bernards 
et al, 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
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necessary for complementation of El -deleted adenoviruses. If these functions are related 
to the regulation of mRNA distribution or another late viral function, it is unlikely that 
these are involved in the transformation efficiency. 

Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 
5 insertion mutants have revealed that functions related to viral replication, late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Y ew et al> 1990). Using the same set of mutants, the 
domains important for interaction with p53 and E4-Orf6 were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), p53 
1 0 binding was affected by mutations at aa 1 80 and E4-Orf6 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf et al, 1997). 

Altogether these results indicate that it is difficult to separate the E1B-55K 
functions related to transformation (p53 binding) and late protein synthesis (Orf6 
binding). 

15 The invention discloses new El constructs that combine the high efficiency of 

transformation of one serotype with the serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic 
retinoblast cells and human amniocytes. 

20 The generation ofpIG535, pIG635 and pIG735 

Construct pIG535 contains the Ad5 El A region and E1B promoter sequences 
linked to the Ad35 E1B sequences. Hereto, pIG270 (FIG. 15; see example 6) was 
digested with EcoRI and NcoL The 5.3 kb vector fragment was then isolated from gel 
using the geneclean kit (BIO Inc. 101) according to the instructions of the manufacturer. 

25 Next, construct pIG.El A.E1B (FIG. 13; see example 6) was digested with EcoRI and 
Xbal and the resulting 890 bp fragment was isolated as above. A third fragment was 
generated by PCR amplification on pIG.El A.E1B using the following primers: 
15E1A-F: 5'- GAG ACG CCC GAC ATC ACC TG -3' (SEQ. LD. NO. _) and 
25E1B-R: 5>- CAA GCC TCC ATG GGG TCA GAT GTA AC -3* (SEQ. LD. NO. 

30 3The following PCR program was used: 94°C for 2' followed by 30 cycles of 94°C for 
30", 60 °C for 30'* and 72 °C for T, and a final step at 72°C for 10' to ensure blunt ends. 

The resulting 400 bp PCR fragment was digested with Xbal and NcoL After gel 
isolation as above, the three fragments were ligated and transformed into STBL-2 
bacteria. One colony containing all three fragments in the correct order was selected and 

35 designated pIG535 (FIG. 26). 
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Construct pIG635 contains the Ad5 El A and a chimeric Ad5-Ad35 E1B region 
such that the 21K sequence is essentially from Ad5 and linked to the Ad35 E1B-55K 
sequences as far as not overlapping with the 21 K sequences. First, part of the Ad5 El 
sequences are amplified by PCR using pIG.ElA.ElB as template and the following 
5 primers: 

45AK: 5'- GAG CGA AGA AAC CCA TCT GAG -3' (SEQ. LD. NO. _J and 
52155R: 5'- GGT CCA GGC CGG CTC TCG G -3' (SEQ. LD. NO. _). Amplification 
is accomplished with Pwo DNA polymerase (Roche) according to manufacturer's 
instructions. The 210 bp fragments is then purified from the primer sequences using the 
1 0 PCR purification kit (Qiagen). 

A second PCR fragment is amplified from pIG270 DNA as described above but 
with the following primers: 

62155F: 5'- CCG AGA GCC GGC CTG GAC -3' (SEQ. LD. NO. _) and 

735F10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG -3' 

15 (SEQ.LD.NO._). 

The 1 .3 kb amplified fragment is purified as above and mixed in a 1 : 1 molar ratio 
with the first PCR fragment. The mixture is then first subjected to a PCR reaction 
without the addition of primers using Pwo DNA polymerase and the following program: 
94 °C for 2' and then 5 cycles of 94°C for 30", 60 °C for 30", 72 °C for 90". 

20 Subsequently, primers 5AK and 35F10 are added at 0.6 jjM concentration after which a 
last PCR amplifies a 1.5 kb fragment. Hereto, temperature was set as follows: 94 °C for 
2\ then 30 cycles of 94 °C for 30", 60°C for 30" and 72 °C for 90", followed by a final 
step at 72°C for 10' to ensure blunt ends. The resulting product is purified using the PCR 
purification kit (Qiagen) as above and digested with Kpnl and Sbfl (isoschizomer of 

25 Sse8387I). The digested DNA is then isolated from gel using the geneclean kit (BIO 
Inc., 101). Construct pIG.ElA.ElB is digested with Kpnl and Sbfl and the vector- 
containing fragment is isolated from gel as above. This fragment is ligated to the above 
prepared final PCR product and the ligation mixture is transformed into STBL-2 cells 
(Gibco, LTI) according to manufacturer's instructions. This gives construct pIG635 (Fig. 

30 27). 

In construct pIG735, the border between Ad5 derived sequences and Ad35 
derived sequences is located more 3' than in construct pIG635. First, a BspEI site is 
introduced in the Ad5 sequence of construct pIG.ElA.ElB without changing the amino 
acid sequence. Hereto, Ad5 sequences from pIG.ElA.ElB are amplified using the 
35 following PCR primers: 
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5AK: see above, and Bsp-R: 5'- GCT CTA GAC CTG CAG GGT AGC AAC 
AAT TCC GGA TAT TTA CAA G -3' (SBQ. LD. NO. _J. Amplification is 
accomplished using Pwo DNA polymerase (Roche) according to the manufacturer's 
instruction. The following PCR program is used: 94°C for T followed by 30 cycles of 
5 94°C for 30", 60 °C for 30" and 72 °C for 30' \ and a final step at 72°C for 10' to ensure 
blunt ends. The resulting 0.6 kb fragment is purified as above and digested with Kpnl 
and Sbfl and ligated to the above described KpnI/Sbfl digested pIG.El A.E1B vector 
fragment. Selection of colonies after transformation of STBL-2 bacteria (Life Techn. 
Inc.) gives construct pIG.ElA55K. pIG . E1A55K is then digested with Sbfl and 

10 partially with BspEL The 6.4 kb Sbfl-partial BspEI digested vector fragment is then 

isolated from gel using the geneclean kit (BIO 101, Inc.). Next, pIG270 is digested with 
BspEI and Sbfl and the resulting 91 5 bp fragment is isolated from gel as above. This 
fragment is then ligated to the above prepared Sbfl/partial BspEI digested pIG.El A55K 
vector fragment and transformed into STBL-2 competent cells. This gives construct 

15 pIG735 (FIG. 28). Clones are analysed by restriction enzyme digestion and sequencing to 
ensure correct ligation of the fragments. Constructs pIG535, pIG635 and pIG735 can be 
used to generate complementing cell lines from primary human cells as described in 
Example 6. 

20 Example 9 

PER.C6-based complementing cell lines for El-deleted Ad35 viruses. 
PER.C6 cells were seeded in 10 cm culture dishes at a density of 3xl0 6 cells/dish in 
DMEM (Gibco BRL) complemented with FBS (Gibco BRL) up to 10% and lOmM 
MgCl 2 (4.9 M stock solution, Sigma). Two days later, 9 dishes were transfected with 1 jig 

25 Seal linearised pIG35.55K DNA (see example 7) and 9 dishes were transfected with 1 .5 
jig Seal linearised pIG35.55K DNA. Separate control dishes were transfected with 1 or 
1.5 fig Seal linearised pAdApt35.LacZ to monitor transfection efficiency and with 1 or 
1.5 ng Seal linearised pcDNA.nlsLacZ. pcDNA.nlsLacZ is a pcDNA3-based plasmid 
(Invitrogen) with the nlsLacZ gene (Bonnerot et al., 1987) driven by the CMV promoter. 

30 pcDNA.nlsLacZ also contains a neo r expression cassette. As a negative control one extra 
dish was transfected with linearised pAdApt35.LacZ 3 a construct that lacks the neo r 
selection gene. All transfections were performed with the LipofectAmine transfection kit 
(Invitrogen/Life Technologies) according to manufacturers instructions using 5 ml 
LipofectAmine reagent/^g DNA. Cells were incubated for 4 hrs with the transfection 

35 mixture after which the medium was replaced with PER.C6 culture medium. The next 
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day medium was replaced with culture medium containing 0.5 mg/ml G41 8 (Gibco BRL) 
except in the two dishes that were transfected with 1 or 1.5 fig pAdApt35XacZ. These 
latter dishes were used to monitor LacZ expression two days following transfection. After 
X-gal staining of these cultures transfection efficiency was estimated at approximately 
5 40% with slightly more blue cells in the dish transfected with 1 .5 jag DNA. Selection 
medium was refreshed twice weekly in the remaining transfected dishes. Within two 
weeks following first addition of selection medium most cells in the negative control 
dish (transfected with 1.5 jig pAdApt35.LacZ) were dead. In the dishes transfected with 
pcDNA.nlsLacZ cell clones were becoming visible. Since the cells transfected with 
10 pIG35.55K seemed to be more resistent to G418, the concentration was raised to 0.75 
mg/ml 3 weeks following transfection. Three days and seven days later a total of 196 cell 
clones were picked from the dishes transfected with pIG35.55K and seeded in separate 
wells of 96-well plates. 

1 5 Cells remaining after colony picking of two 1 0 cm dishes of the transfection with 1 \ig 
pIG35.55K DNA were trypsinised, pooled and expanded to give pool PER55K(1 .0) The 
same was done for two dishes of the 1.5 jig transfection. The PER55K(1 .0) cell pool was 
expanded and seeded in 4 T25 flasks at a density of 3.5x1 0 6 cells/flask for transfection to 
test virus generation. In addition, 3 T25 flasks with parental PER.C6 cells were seeded at 

20 the same density. pAdApt35.eGFP (an adapter plasmid containing the green fluorescent 
protein as marker gene; see example 4) was digested with Pad to liberate the adenoviral 
sequences from the plasmid backbone. pWE.Ad35.pDC-rITR (see example 4) was 
digested with NotI to liberate the adenoviral sequences from the cosmid backbone. 2 
flasks with PER.C6 cells and 2 flasks with PER55K(1 .0) cells were transfected with 2 p.g 

25 digested pAdApt35.eGFP and 6 \ig digested pWE.Ad35.pIX-rITR each. One flask of 
each cell line was transfected with 8 jig pAdApt35.LacZ to monitor transfection 
efficiency. The remaining flask with PER55K(1.0) cells served as a negative control and 
was treated as the others but did not receive the transfection mixture. All transfections 
were performed with LipofectAmine (Invitrogen/Life Techn.) according to manufacturers 

30 instructions using for each transfection a total of 8 |ig DNA and 40 fil LipofectAmine 
reagent. The transfection mixture was removed after 4 hrs incubation and fresh culture 
medium was added. Transfections were done the day after seeding of the cells and again 
two days later cells in the T25 flasks were transferred to a T80 flask except for the LacZ 
control transfections. These were stained with X-gal solution after mild fixation. After 

35 five hours incubation with staining solution, the percentage of blue cells was estimated at 
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approximately 90% in both flasks showing that transfection went well for both cell lines. 
Four days following the passage to the T80 flasks the transfected PER55K(1.0) cultures 
showed starting CPE (cytopathogenic effect, indicative of virus replication) with 
approximately 100 events/flask. The untransfected PER55K(1 .0) cells were grown 
5 confluent with no evidence of CPE. In the transfected PER.C6 cultures only three CPE 
events were visible in the confluent monolayer of cells. Again three days later, the 
transfected PER55KQ.0) cultures showed full CPE, with all cells rounded and detached 
in clumbs. In contrast, in the PER.C6 cultures the few events of CPE had not progressed 
and cells were still in monolayer. This confirms earlier observations that generation of 

10 El -deleted Ad35-based viruses on PER.C6 is very inefficient Also the untransfected 
PER55K(1.0) cultures showed, as expected, a confluent monolayer with no CPE. The 
cells and medium in the PER55K(1.0) flasks with full CPE were harvested and subjected 
to two freeze/thaw cycles after which the cell debris was removed by centrifugation at 
3000 rpm for 10 minutes in a table centrifuge. One of the resulting crude lysates was used 

15 to infect a fresh culture of PER55K(1.0) cells in a T175 flask (1.5 ml/flask). Cells and 
medium were harvested at full CPE four days later. This shows that infectious virus had 
formed in the initial transfections. GFP expression was confirmed by fluorescent 
microscopy of A549 cells infected with the crude lysate. The crude lysate was then used 
to analyse complementation of this El-deleted Ad35.AdApt.eGFP virus in the individual 

20 clones as described below. 

The above described clones that were picked from the pIG35.55K transfected PER.C6 
cells were expanded and were functionally tested for the ability to sustain replication of 
Ad35.AdApt.eGFP. Hereto, the clones were seeded at two densities in 6-well plates and 

25 one day later infected with 15 ml of the above described crude lysate. CPE was 

monitored the day after. Of the 146 clones tested in this way 19 gave full CPE at day 2 or 
3 and 68 gave full CPE at day 5 or 6. The remaining clones had only partial CPE or 
showed a few non-progressing events. The latter were indistinguishable from PER.C6 
cells that were taken along as a negative control. 

30 Based on these results a selection of 24 clones was made that were further screened for 
the ability to generate recombinant El -deleted viruses following transfection of the 
pAdApt35.GFP adapter plasmid and the large pWE.Ad35.pIX-rITR cosmid clone. 
Hereto, clones were plated in T25 flasks and transfected with 2 \xg of the adapter and 6 
jig of the backbone plasmid using LipofectAmine as described above. Two days 

35 following the transfection, cells were transferred to T80 flasks to prevent overconfluency 
of the cultures. Of the 24 clones 5 gave fiill CPE three days after passage to T80 and 
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another 13 clones gave progressing to full CPE the day after. The remaining 6 clones 
showed no CPE or only starting. In comparison: routine generation of El-deleted Ad5 
vectors on PER.C6 cells generally results in full CPE four to six days after transfer to T80 
flasks. 

5 This shows that the new clones efficiently complement El -deleted adenovirus vectors. 
One of the clones (clone #16) described above was used to generate and produce multiple 
batches of El and E1/E3 deleted Ad35 viruses containing different transgenes. Hereto, 
virus in crude lysates resulting from transfections as described above, but using different 
adapter piasmids, were plaque purified on the new cell line. Single plaques were tested 

10 for transgene activity and then amplified for medium scale production in 4-8 triple layer 
flasks (3x175 cm/flask). Cells were harvested at full CPE and the virus was released and 
purified as routinely done for adenoviruses and described in example 1 . The extraction 
step with frepn to remove cellular debris was, however, replaced by a centrifugation step. 
Thus after incubation with Dnasel, the cell debris was centrifugated in conical 50 ml 

15 tubes (Greiner) at 8000 rpm in a table top centrifuge (Beckman Coulter Allegra 21R with 
fixed angle rotor) for 30 minutes at 4°C. This step is repeated in a fresh 50 ml tube untill 
the supernatant was clear (usually one time). The amount of virus particles was 
determined by HPLC (Shabram et al, 1997). Table IV presents the yields after 
downstream processing of medium scale productions of El- and El/E3-deleted Ad35 

20 viruses on triple layer flasks with PER55K clone #16 cells. The amount of purified virus 
particles is comparable with the yields of Ad5-based vectors on PER.C6 cells. 

We conclude that we have generated multiple cell lines that efficiently complement fully 
El-deleted Ad35-based vectors. Thus, Ad35 E1B-55K expression in an Ad5 
25 complementing cell line facilitates replication of Ad35 vectors. 

Example 1 0 

New complementing cell lines from primary cells 

30 Example 8 described the generation of construct pIG535, a hybrid Ad5El A-Ad35 E1B 
expression plasmid. pCC536s andpIG536 are also hybrid Ad5-Ad35 El constructs but 
with the El A region, E1B promoter and most of the E1B-19K gene derived from Ad5 
and most of the E1B-55K gene derived from Ad35. Constructs pCC536s and pIG536 
differ only in the heterologous poly adenylation sequence that terminates the E1B 

35 transcript: pIG536 has the HBV pA sequence and pCC536s has a synthetic pA sequence 
(SpA). The SpA sequence consists of the upstream sequence element (USE) of the human 
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C2 complement gene (Moreira et aL, 1995) and the synthetic pA sequence (SPA) 
described by Levitt et ah, 1989. 

The synthetic polyA sequence is build up using the following oligo's: 
C2SPA-1 : 5'- CCC TGC AGG GAC TTG ACT CAT GCT TGT TTC ACT TTC ACA 
5 TGG AAT TTC CCA GTT ATG AAA TTA ATA AAG -3' 

C2SPA-2: 5'- GTC TAG ACA CAC AAA AAA CCA ACA CAC TAT TGC AAT GAA 
AAT AAA TTT C CT TTA TTA ATT TCA TAA CTG -3 ' 

Oligonucleotides were mixed at IOjiM concentration in lx annealing buffer (lOmM Tris 
10 HC1 pH 7.5, lOOmM NaCl, lmM EDTA) and, using a PCR machine, the solution was 

heated to 94°C for 5 minutes and then cooled down to 65°C at 0.5°C / second and after 

incubation at 65 °C for 5 minutes further cooled down to 20°C at 0.05 °C / second. 

Subsequently, 10 \il 2mM dNTPs, 0.5 fxl 1M MgC12 and 3 \il Klenow fragment (New 

England Biolabs) was added to 87 pi of the annealed sample and the mixture was 
15 incubated at room temperature for 30 minutes. 1 jxl of the annealed and Klenow treated 

sample was then amplified using the following primers: 

C2for: 5'- CGG GAT CCC CTG CAG GGA CTT GAC -3 ■ 

and 

SPArev: 5'- TTG CGA CTT AAG TCT AGA CAC ACA AAA AAC C -3 ' using Pwo 
20 DNA polymerase (Roche) according to manufacturers instructions but with addition of 
DMSO (Sigma) to a final concentration of 3%. The PCR program was set at 94°C for 2 
minutes, followed by 30 cycles of (94 °C for 30' \ 55°C for 30" and 72°C for 20"). 
Where in this document PCR programs are described * means time in minutes and ' ' 
means time in seconds. The amplified DNA was then purified using the QIAquick PCR 
25 purification kit (Qiagen) and digested with Xbal and SbfL The digested product was then 
again purified with the PCR purification kit to remove the small digested ends. Construct 
pIG270 was also digested with Xbal and Sbfl (isoschizomer of Sse8387I) and the 
resulting 5.9 kb vector containing fragment was isolated from gel using the GeneClean II 
kit (BiolOl , Inc). The treated vector and PCR insert were then ligated to give pCC271 
30 (Figure 29). pCC271 thus contains the PGK promoter, the Ad35 El region (nucl. 468 to 
and including 3400 from Ad35 sequence in example 3 and figure 5) and the synthetic pA 
(SpA). The synthetic pA sequence was then also cloned into the construct pIG535 as 
follows. 

pIG535 was digested with EcoRI, PstI and Seal (All enzymes from New England Biolabs 
35 digested in NEB buffer 3) and the 3 kb insert corresponding to chimeric Ad5-Ad35 El 
region was purified using the GeneClean II kit (Bio 101, Inc.). Construct pCC271 was 
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digested with EcoRI and PstI and the 3 kb vector fragment containing the SpA and PGK 
promoter was isolated as above. Both isolated fragments were ligated and transformed 
into STBL-2 competent cells (Invitrogen/LifeTechnologies) to give pCC535s (Figure 30). 
pCC535s contains the same Ad5-Ad35 El sequences as pIG535 however, a different pA 
5 sequence. 

For the construction of pCC536s, a subclone was made with the new hybrid E1B 
sequences. Hereto, Ad5 El A/E1B21K sequences were amplified using the primers 
5AK: 5'- GAG CGA AGA AAC CCA TCT GAG- 3' and 

2155R: 5*- GGT CCA GGC CGG CTC TCG G-3' with pIG.ElA.ElB (see example 6 
1 0 and Figure 1 3) as template DNA using P wo DNA polymerase (Roche) according to 
manufacturers instructions and in addition a final concentration of 3% DMSO. The 
program was set at: 94°C for V followed by 30 cycles of (94°C for 30", 58°C for 30" 
and 72°C for 30") and ended with 68°C for 8\ This resulted in a 210 bp fragment 
corresponding to nucl. 2022-2233 of the Ad5 sequence. A second PCR was performed on 
1 5 pCC27 1 with primers 

2155F: 5'- CCG AGA GCC GGC CTG GAC C-3* and 

35F10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG-3\ 
The same PCR program was used but now with an elongation time of 90". The resulting 
1.3 kb fragment corresponds to nucl. 2112 to 3400 of the Ad35 sequence with an Sbff site 
20 at the 3 ' end. Note that primers 2 1 55F and 2 1 55R are fully complementary allowing 
assembly of the two fragments as follows: 

Both PCR fragments were purified from gel using the Qiagen gel extraction kit Aliquots 
of the purified samples were then mixed in equimolar ratio and used as template for an 
assembly PCR amplification with primers 5AK and 35F10 with Pwo DNA polymerase as 

25 above using the program settings: 

94°C for 2', and 5 cycles of (94°C for 30", 60°C for 30" and 72°C for V) followed by 
25 cycles of (94°C for 30", 58°C for 30" and 72 °C for 90"). The resulting 1.5 kb 
fragment was purified from gel using the QIAquick gel extraction kit (Qiagen), ligated to 
the pCR-Script/Amp cloning vector (Stratagene) and transformed into DH5a competent 

30 cells (Invitrogen/Life Technologies) resulting in pCR53 5E 1 B (Figure 31). This construct 
was checked by restriction analysis and sequencing to confirm correct amplification of 
target sequences. 

pCR535ElB was then digested with NotI and protruding ends were made blunt with 
Klenow fragment. The DNA was then purified using the QIAquick PCR purification kit 
35 (Qiagen) and eluted DNA was digested with PstI. The 1 .5 kb fragment containing the 
chimeric El sequences from the pCR535ElB vector was purified from gel using the 
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GeneClean II kit (BiolOl, Inc.). This fragment was ligated to vector pCC535s digested 
with PvuII and PstI, and transformed into STBL-2 competent cells (Invitrogen/Life 
Technologies) to give pCC2155s (Figure 32). To complete the pCC536s construct Ad5- 
El sequences were then cloned into the pCC2155s subclone. Hereto, pIG.ElA.ElB was 
5 digested with EcoRI and Kpnl and the 1 .6 kb fragment corresponding to Ad5 El A and 
Ad5 E1B 21K (nucl. 459 to 2048 of the Ad5 sequence) was isolated from gel using the 
GeneClean kit. pCC2155s was digested with EcoRI and Kpnl and the vector containing 
fragment was also gel purified. Ligation of both isolated fragments and transformation 
into DH10B electrocompetent cells (Invitrogen/Life Technologies) resulted in pCC536s 

10 (Figure 33). The hybrid E1B sequences are shown in Figure 38 in more detail. FIG38A 
shows an alignment of protein sequences of E1B-21K in the pCC536s construct with wild 
type (wt) Ad35 and Ad5 sequences. As can be seen most of the E1B-21K protein in 
pCC536s is derived from Ad5 except for the C-terminal 6 amino acids that are identical 
to Ad35 E1B-21K. Figure 38B shows the same alignment for the E1B-55K proteins. In 

15 this case the N-terminal amino acids of pCC536s are identical to Ad5 upto aa 65. The 
remainder is identical to Ad35 E1B-55K. Obviously, different hybrid E1B-55K 
constructs can be designed using the general method oulined above whithout departing 
from the invention. 

Construct pIG536 was made by replacing a fragment with the SpA in pCC536s with the 
20 corresponding fragment from pIG270 (example 6, Figure 15) containing the HBVpA. 
Hereto, pIG270 was digested with BamHI and Bgll and the L8 kb insert was isolated 
from gel using the GeneClean II kit (Bio 101, Inc.). pCC536s was digested with the same 
enzymes and the 4.8 kb vector containing fragment was purified from gel as above. 
Ligation of both isolated fragments and transformation into STBL-2 competent cells 
25 (Invitrogen/Life Technologies) gave construct pIG536 (Figure 34). 

The generated El constructs were tested in primary baby rat kidney (BRK) cells as 
described in example 6. The results (Table V) confirm earlier observations that Ad5-El 
genes more efficiently transform primary BRK cells than Ad35 El genes. The chimeric 
30 Ad5-Ad35 El expression constructs, pCC535s and pCC536s, produced more transformed 
colonies than the full Ad35 El constructs, pIG270 and pCC271. Furthermore, the use of a 
synthetic poly adenylation sequence in pCC535s resulted in slightly more foci compared 
to the HBVpA variant pIG535. 

35 Human embryonic retinoblast (HER) cells were isolated from the eyes of aborted fetuses 
of 18 and 21 weeks of age. The eyes were brought in a 6 cm dish with PBS and cleared 
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from outside tissue. An incision was made to reach the inner side and the gray cell layer 
at the inner back of the eyes containing the retinoblasts, was scraped off. This layer was 
transferred to a 14 ml tube in 2ml of PBS and tissue was allowed to sediment after which 
the PBS was removed. 2 ml trypsin (0.25%, no EDTA, GibcoBRL) was added and 
5 incubated for 5 minutes at 37°C with occasional swirling. Tissue pieces were allowed to 
sediment and 1 ml trypsin with cells was transferred to a new tube. To this tube 4 ml 
culture medium (DMEM with 1 0% FCS) was added and the tube was stored on ice. The 
remaining tissue pieces in trypsin were brought in a 6 cm dish and cut into smaller pieces. 
These were, after addition of 2 ml fresh trypsin, again incubated in a 14 ml tube at 37°C 

10 with occasionally swirling. Then this mixture was added to the first isolated cells in 
culture medium and the total was centrifugated at 1000 rpm in a table top centrifuge. 
Supernatant was removed and cells were resuspended in 10 ml of culture medium. The 
isolated HER cells were plated in two 6 cm dishes and incubated at 37°C/ 10% C02. 
Upon 90% confluency cultures were split 1 :3 and further incubated. This procedure was 

1 5 repeated until enough dishes were obtained to be used for transfection and further 

culturing. Transfections were performed at different passage numbers using the CaP04 
cotransfection kit (Invitrogen/Life Technologies) according to manufacturers instructions. 
For each dish (50-70% confluency) 20 \ig DNA was used. Initial transfections were 
performed with pIG.ElA.ElB, an Ad5-El expression construct, and with pIG535, the 

20 hybrid Ad5-El A/Ad35-E1B expression construct 2-3 weeks following transfection 

transformed foci became visible in the pIG.El A.E1B transfected dishes. On average 15- 
20 foci/dish were found in the dishes that were transfected with pIG.ElA.ElB. Over 30 
clones were picked and transferred to 96-well plates. Upon confluency cells were 
passaged to larger culture plates or flasks and finally viable frozen in ampoules in liqN2 

25 from a T175 flask. All picked clones were established in this way. Transformed foci 

appeared much later in the dishes that were transfected with pIG535, the first around five 
weeks following transfection. On average 3-4 clones were found per dish. A total of 46 
clones were picked from 7 weeks to 3 months after transfections of which 14 were viable 
and could be passaged multiple times. Of these, 2 clones (clone #45 and #75) were grown 

30 up to a T175 flask and viable frozen in ampoules in liqN 2 . 

Primary HER cells were also transfected with constructs pCC535s and pCC536s. 
Transfection of pCC535s let to an average of 2 clones/dish and a total of 50 clones were 
picked. Of these picked clones 2 could be established. From the transfection with 
pCC536s, at least one clone could be established. 

35 The above described experiments show that primary HER cells can be transformed with 
hybrid Ad5-Ad35 El sequences. The efficiency of transformation was lower than 
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obtained with the complete Ad5 El region. We then tested whether the new cell lines 
could complement recombinant Ad35-based El-deleted vectors. Hereto, the clone #45 
that was obtained from the pIG535 transfection was seeded in T25 flasks at a density of 
7xl0 6 cells/flask and infected with Ad35.AdApt.eGFP virus (see example 9) at a 
5 multiplicity of infection (moi) of 5 and 25 virus particles/cell. Full CPE was seen at days 
4 and 5 for the moi 25 and 5 respectively. As a comparison parallel cultures of clone #45 
cells that were infected with Ad5 AdApteGFP viruses gave full CPE at days 7 and 8 for 
moi 25 and 5 respectively. The initial infection efficiency was comparable for Ad5 and 
Ad35 viruses, -80% (moi=5) and -95% (moi=25) of the cells were infected with GFP 

10 virus one day following infection as measured by fluorescence microscopy. Cells from 
clone #75 were seeded in a 6-well plate at a density of 2xl0 6 cells/well and infected with 
Ad35.AdApt.eGFP or Ad5.AdApt.eGFP at moi 5 (VP/cell). Again initial infection 
efficiency was comparable for both viruses. Full CPE was observed at day 4 in case of 
Ad35.AdApt.eGFP infection whereas Ad5.AdApt.eGFP infected clone #75 cells gave full 

15 CPE on day 7. The difference in replication efficiency on Ad35 complementing cells 
between Ad35 and Ad5 recombinant vectors is even more clear when virus is generated 
by plasmid transfection. This is exemplified by the following transfection experiment. 
Clone #45 cells were seeded in T25 flasks at a density of 3.5x1 0 6 cells and transfected 
three days later using LipofectAmine reagent (Invitrogen/Life Technologies) according to 

20 manufacturers instructions and described above. 2 jig pAdApt35.eGFP adapter plasmid 
digested with Pad was cotransfected with 6 \ig pWEAd35.pIX-rITR orpWE.Ad35.pIX- 
rITRAE3 backbone cosmid digested with Notl. 2 jxg pAdApt.eGFP (Ad5 adapter plasmid, 
described in WO 00/70071) digested with Pad was cotransfected with 6 \ig 
pWE.Ad5.AflII-rITRsp (Ad5 backbone plasmid, described in WO 00/70071) also 

25 digested with Pad. One T25 was not transfected and served as a negative control. One 
day later transfection efficiencies were monitored by fluorescent microscopy and 
estimated at 10-15% in all eGFP transfections. Three days following transfection cells 
were transferred to T80 flasks and further incubated at 37°C/10%CO 2 . Again three days 
later CPE events were becoming visible in the cultures transfected with the 

30 pAdApt35.eGFP and the pWE. Ad35pDC-rITR+ or - E3 . The transfections with the E3- 
deieted backbone contained more green fluorescent cells and more CPE events. The 
transfection with Ad5 plasmids showed only around 20% green fluorescent cells, of 
which most were dying, and no CPE events. Two days later this difference had become 
bigger since cultures transfected with the pAdApt35.eGFP and the pWE.Ad35pIX- 

35 rITRAE3 clearly showed 80% CPE and cultures transfected with the pAdApt35.eGFP 
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and the pWE.Ad35pIX-rITR constructs showed progressing CPE events. The Ad5 
transfected culture did not show any progression. Table VI summarizes these results. 
We conclude that the new complementing cell lines described above efficiently sustain 
replication of El deleted Ad35-based viruses and that the generation and replication of 
5 El deleted Ad5-based viruses is less efficient. Apparently, also Ad35-E1B55K proteins 
do not form a functional complex with Ad5-E40rf6 proteins. Thus the serotype 
specificity for complementation is now also shown for recombinant Ad5 vectors on Ad35 
packaging cells. 

10 

Example 11 

Generation of pWE.Ad.pIX-rITRAE3 

The early region-3 of human adenoviruses contains multiple coding regions for proteins 
that interfere with the host immune response to adenoviral infection. When adenoviral 
15 vectors are used as vaccine carrier such interference is unwanted. Therefore, we 
constructed an Ad35 backbone cosmid lacking the E3 region. 

Hereto, construct pBr.Ad35.PRn (Figure 35; described in example 13 in publication EP 1 
054 064 Al) was digested with StuI and Mlul and the 17.3 kb vector fragment was 
purified from low melting point (IMP) gel using agarase enzyme (Roche) according to 
20 manufacturers instructions. Next, a PCR fragment was generated on pBr.Ad3 5.PRn using 
primers: 

35E3for: 5'- AAT GAC TAA TGC AGG TGC GC-3 ■ and 

35E3rev: 5'- CGA CGC GTT GTA GTC GTT GAG CTT CTA G-3\ For the 

amplification Pwo DNA polymerase (Roche) was used according to manufacturers 

25 instructions and program set at: 94°C for 2', 30 cycles of (94°C for 30' *, 58°C for 

30"'and 72°C for 1') and a final incubation at 68°C for 8'. The 833 bp PCR product was 
purified using the QIAquick PCR purification kit (Qiagen) and digested with Mlul and 
StuI. The digested DNA was purified from gel using the QIAquick gel extraction kit 
(Qiagen). Both isolated fragments were ligated and transformed into DH5a competent 

30 cells (Invitrogen/Life Technologies) to give pBr.Ad35.PRnAE3 (Figure 36). The plasmid 
was checked by restriction analysis and sequencing of the PCR amplified insert. The E3 
deletion was then cloned into the pWE.Ad35.pIX-rITR cosmid backbone. Hereto, 
pWE.Ad35.pIX-rITR (see example 4 and Figure 8) was digested with Pad and the DNA 
was purified by precipitation with isopropanol and washing with 70% EtOH. Following 

35 resuspension in milliQ water, the DNA was digested with Swal and the 22.8 kb vector 
containing fragment was purified from IMP gel using agarase enzyme as above. 



WO 02/40665 



51 



PCT/NL01/00824 



Construct pBr.Ad35.PRnAE3 was digested with Pad and Swal in the same manner and 
the 16.6 kb fragment was also isolated using agarase enzyme. Both isolated fragments 
were ligated using 0.5-0.6 |ig of each fragment. Ligated fragments were then packaged 
using X-phage packaging extracts (Stratagene) according to manufacturers instructions 

5 and mixed with STBL-2 cells. Bacteria were plated on LB+Amp plates and resulting 
colonies were analyzed for the presence of the correct construct. This gave construct 
pWE.Ad35.pIX-rITRAE3 (Figure 37). The E3 deletion extends fromnucl. 27648 to 
30320 of the Ad35 sequence (example 3) and thus spans a 2.6 kb region. 
Cotransfection of NotI digested pWE.Ad35.pIX-rITRAE3 andpDPsp-1 digested 

10 pAdApt35.eGFP onto PER55-clone #16 cells (see example 9) as described above gave 
rise to GFP expressing Ad35-based viruses. Upon isolation of viral DNA from these 
viruses, PCR amplification of the E3 region showed that the viruses were deleted for 2.6 
kb of E3 sequences as expected. 
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Table I: 



Serotype 


Elution [NaCl] mM 


VP/ml 


CCID50 


logio VP/COD50 
ratio 


1 


597 


8.66xl0 ,y 


5.00xl0 7 


3.2 


2 


574 


1.04xl0 ,z 


3.66x10" 


0.4 


3 


133 


1.19x10" 


1.28x10' 


4.0 


A 

4 


260 


4.84xl0 n 


2.50x10" 


3.3 


5 


533 


5.40x10 


1.12x10'° 


1.7 


6 


477 


1. 05x10 w 


2.14xl0 10 


1.7 


1 


A A 

328 


1.68xl0 12 


2.73x10 s 


2.4 


9 


379 


4.99xl0 n 


3.75x10' 


4.1 


10 


387 


8.32xl0 12 


1.12xl0 9 


3.9 


12 


305 


n . 

3.64x10" 


1.46x10' 


4.4 


13 


231 


4.37xl0 ,z 


7.31x10* 


3.8 


15 


443 


5.33xl0 12 


1.25x10 s 


3.6 


16 


312 


1.75xl0 12 


5.59x10* 


3.5 


17 


478 


L39xl0 12 


1.45x1 0* 


3.0 


19 


430 


8.44x10" 


8.55x10' 


4.0 


20 


156 


1.41x10" 


1.68x10' 


3.9 


21 


437 


3.21x10" 


1.12x10* 


3.5 


22 


365 


1.43xl0 12 


5.59x1 0 7 


3.4 


23 


132 


2.33x10" 


H ii i ii 

1.57x10' 


4.2 


24 


405 


5.12xl0 12 


4.27x10* 


4.1 


25 


405 


7.24x10" 


5.59xl0 7 


4.1 


26 


356 


1.13xl0 12 


1.12x10* 


4.0 


27 


342 


2.00xl0 12 


1.28x10* 


4.2 


28 


347 


2.77x1 0 U 


5.00x10' 


4.7 


29 


386 


2.78xl0 M 


2.00x10' 


< — 

4.1 


30 


409 


1.33x10 12 


5.59x10" 


3.4 


31 


303 


8.48xl0 10 


2.19x10' 


3.6 


33 


302 


L02xl0 12 


1.12x10' 


5.0 


34 


425 


1.08xl0 12 


1.63x10" 


0.8 


35 


446 


3.26xl0 12 


1.25x10" 


1.4 


36 


325 


9.26xl0 12 


3.62x10" 


3.4 


37 


257 


5.86xl0 ,z 


2.8x10* 


3.3 


38 


337 


3.61xl0 12 


5.59x10' 


4.8 


39 


241 


3.34x10" 


1.17x10' 


4.5 



Continued on next page. 
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Serotype 

# 


Elution [NaCl] mM 


VP/ml 


CCID50 


logio VP/CCID50 
ratio 


42 


370 


1.95x10" 


1.12x10 s 


4.2 


43 


284 


2.42xl0 ,z 


1.81x10* 


4.1 


44 


295 


8.45xl0 11 


2.00xl0 7 


4.6 


45 


283 


520xl0 11 


2.99x1 0 7 


4.2 


46 


282 


9.73xl0 12 


2.50x10* 


4.6 


47 


271 


5.69x10' 1 


3.42x10' 


4.2 


48 


264 


1.68xl0' 2 


9.56x10" 


3.3 


49 


332 


2.20xl0' 2 


8.55x1 0 7 


4.4 


50 


459 


7.38xl0 12 


2.80x1 0 9 


3.4 


51 


450 


8.41xl0 n 


1.88x10* 


3.7 



Legend to Table I: 
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All human adenoviruses used in the neutralization experiments were produced on 
PER.C6 cells (Fallaux et aL, 1998) and purified on CsCl as described in example 1. The 
NaCl concentration at which the different serotypes eluted from the HPLC column is 
shown. Virus particles/ml (VP/ml) were calculated from an Ad5 standard. The titer in 
5 the experiment (CCID50) was determined on PER.C6 cells as described in Example 1 by 
titrations performed in parallel with the neutralization experiment. The CCID50 is shown 
for the 44 viruses used in this study and reflects the dilution of the virus needed to obtain 
CPE in 50% of the wells after 5 days. The ratio of VP/CCID50 is depicted in logio and is 
a measurement of the infectivity of the different batches on PER.C6 cells . 
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Table II. AdApt35.LacZ viruses escape neutralization by human serum. 





Human serum dilution 










Virus 


no serum 


lOx 


50x 


250x 


1250x 


6250x 


AdApt5.LacZ 
moi: 5 VP/cell 


100 % 


0% 


0% 


1% 


40% 


80% 


AdApt35.LacZ 
250 pd crude lysate 


100 % 


100 % 


100% 


100 % 


100 % 


100 % 
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Table III: The numbers of foci obtained with the different El expression constructs in 

BRK transformation experiments. 
Average # of foci/dish: 



Construct 


1 ugr 


5 ugr 


Experiment 1 pIG.ElA.ElB 


nd 


60 


pIG.ElA.ElB 


nd 


35 


pRSVAd35El 


0 


3 


pIG.Ad35.El 


3 


7 


Experiment 2 pIG.ElA.ElB 


37 


nd 


pIG.Ad35.El 


nd 


2 


Experiment 3 pIG.ElA.ElB 


nd 


140 


pIG.Ad35.El 


nd 


20 


pIG270 


nd 


30 
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Table IV: Yields of El- and E1/E3- deleted Ad35 viruses on clone #16 cells produced on 
triple layer flasks. 

5 Virus Scale(T175in flasks) Total # of Virus Particles after DSP VP/cell 



Ad35.AdApt.eGFP 4 7.5x10' 1 2500 

Ad35.AE3.AdAptempty 8 2xl0 12 3300 

Ad35.AE3.AdApt.LacZ 8 3.8xlO u 600 

Ad35.AE3.AdApt.MV-F 4 8.8xlO u 2900 

10 Ad35.AE3.AdApt.MV-H 8 2.6xl0 12 4250 
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Table V: Transformation efficiencies on BRK cells with different Ad-El expression 
constructs. 



Construct Transfected DNA (ng) # foci per dish 

5 Experiment 1 pIG.ElA.ElB 5 44 

pIG270 5 0 

pCC271 5 0 

pIG535 5 1 

pCC535s 5 2.5 

10 Experiment 2 pIG.ElA.ElB 4 15 

pCC271 4 0 

pCC535s 4 3 

pCC536s 4 3 
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Claims 

What is claimed is : 

5 1 . A packaging cell line capable of complementing recombinant adenovirus 

based on a serotype from subgroup B. 

2. The packaging cell line of claim 1 wherein said serotype from subgroup B 
is adenovirus type 35. 

10 

3. The packaging cell line of claim 1 or 2, wherein said packaging cell line is 
derived from primary, diploid human cells, or derivatives thereof, said primary, diploid 
human cells or derivatives thereof having been transformed by adenovirus El coding 
sequences either operatively linked on one DNA molecule or located on two separate 

15 DNA molecules, said adenovirus El coding sequences being operatively linked to 
regulatory sequences enabling transcription and translation of encoded proteins. 

4. The packaging cell line of claim 3 wherein the primary, diploid human 
cells, or derivatives thereof have been selected from the group consisting of primary 

20 human retinoblasts, primary human embryonic kidney cells and primary human 
amniocytes. 

5. The packaging cell line of claim 3 or 4, wherein the primary, diploid 
human cells, or derivatives thereof have been transfected with an adenovirus El A coding 

25 sequence to induce unlimited proliferation. 

6. The packaging cell line of claim 5 wherein said packaging cell line further 
comprises an E1B coding sequence. 

30 7. The packaging cell line of claim 3 or 4, wherein the primary, diploid 

human cells, or derivatives thereof have been transformed by expression of adenovirus 
El proteins of a subgroup other than subgroup C. 

8. The packaging cell line of claim 7 wherein the subgroup other than 
35 subgroup C is subgroup B. 
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9. The packaging cell line of claim 8, wherein said adenovirus El proteins 
are derived from adenovirus type 35. 

1 0. The packaging cell line of claim 3 or 4, wherein the primary, diploid 

5 human cells or derivatives thereof have been transformed with a chimeric adenovirus El 
construct comprising part of a first adenovirus El coding sequence of a first adenovirus 
serotype that enables efficient transformation of primary human cells or derivatives 
thereof; and part of a second adenovirus El coding sequence of a second adenovirus 
serotype, wherein said second adenovirus El coding sequence provides the serotype- 

10 specific adenovirus E1B function(s) that enable(s) efficient propagation of recombinant 
adenovirus El -deleted viruses of said second adenovirus serotype. 

1 1 . The packaging cell line of claim 1 0 wherein said first adenovirus serotype 
is a subgroup C adenovirus and said second adenovirus serotype is a subgroup B 

1 5 adenovirus, more particular adenovirus type 35. 

12. The packaging cell line of claim 10 wherein El A coding sequence and at 
least part of the E1B-21K coding sequence are derived from a subgroup C adenovirus, 
and the E1B-55K coding sequence as far as not overlapping with the 2 IK coding 

20 sequence is derived from a subgroup B adenovirus. 

13. The packaging cell line of claim 12 wherein said subgroup B adenovirus is 
adenovirus type 35. 

25 14. The packaging cell line of claim 10 wherein all El coding sequences are 

derived from a subgroup C adenovirus, except for at least a part of the E1B-55K coding 
sequence that is necessary for serotype-specific complementation of an alternative 
adenovirus serotype, said E1B coding sequence being derived from said alternative 
adenovirus serotype. 

30 

1 5. The packaging cell line of any one of claims 6, 10 or 14, wherein said 
packaging cell line comprises bovine adenovirus E1B-55K. 

16. The packaging cell line of claim 15, wherein said complementing 
35 recombinant adenovirus is derived from a bovine adenovirus. 
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17. The packaging cell line of claim 3 or 4, wherein the primary diploid 
human cells or derivatives thereof have been transformed by adenovirus El coding 
sequences located on two separate DNA molecules wherein the first DNA molecule 
carries at least part of the El coding sequences of the serotype enabling efficient 
transformation and the second DNA molecule carries at least part of the sequences 
necessary for serotype-specific complementation. 

1 8. The packaging cell line of claim 4 wherein said derivative cells are 
PER.C6 (ECACC deposit number 96022940) which further comprise an Ad35-El region 
integrated into their genome, and wherein said Ad35-El region is present in a functional 
expression cassette. 

19. The packaging cell line of claim 18 wherein said Ad35-El region does not 
contain sequences overlapping with sequences present in an associated recombinant viral 
vector. 

20. The packaging cell line of claim 18 or 19, wherein said functional 
expression cassette comprises a heterologous promoter and a poly-adenylation signal 
functionally linked to said Ad35-El region, wherein said heterologous promoter is a 
human phosphoglycerate gene promoter (hPGK) and wherein said poly-adenylation 
signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 

2 1 . The packaging cell line of claim 20 wherein said Ad35-E 1 region 
comprises the coding regions of the El A proteins and the E1B promoter sequence linked 
to E1B coding sequences up to and including the stop codon of the E1B 55K protein. 

22. The packaging cell line of claim 20 wherein said Ad35-El region 
comprises nucleotide 468 to and including nucleotide 3400 of the Ad35 wild-type 
sequence. 

23 . A cell line derived from PER.C6 (ECACC deposit number 96022940), 
which cell line comprises Ad35-E1B coding sequences. 

24. The cell line of claim 23 wherein said Ad35-E1B coding sequences are 
driven by an E IB promoter and terminated by a heterologous poly-adenylation signal. 



WO 02/40665 



66 



PCT/NL01/00824 



25. The cell line of claim 23, wherein said Ad35-E1B coding sequences are 
driven by a heterologous promoter. 

26. The cell line of claim 25 wherein said Ad35-E1B coding sequences are 

5 driven by a hPGK promoter or an Elongation Factor- 1 a (EF-1 a) promoter and terminated 
by a heterologous poly-adenylation signal. 

27. The cell line of claim 24 or 26, wherein said heterologous poly- 
adenylation signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 

10 

28. The cell line according to any one of claims 23-27, wherein said Ad35- 
E1B coding sequences comprise the coding sequences of the E1B 21K and the E1B 55K 
proteins located between nucleotides 1611 and 3400 of the wild-type Ad35 sequence. 

1 5 29. The cell line of claim 28 wherein said Ad35-E 1 B coding sequences 

comprise nucleotides 1 550 to and including nucleotide 3400 of the wild-type Ad35 
sequence. 

30. The cell line of claim 28 wherein said Ad35-E1B coding sequences 

20 comprise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wild-type Ad35 sequence. 

3 1 . The cell line according to any one of claims 23-27, wherein said Ad35- 
E1B coding sequences comprise the coding sequences of the E1B-55K gene located 

25 between nucleotides 1916 and 3400 of the wild-type Ad35 sequence. 

32. The cell line of claim 31, lacking a functional coding sequence for E1B- 

21K. 

30 33. The packaging cell line according to any one of claims 1 -22, or a cell line 

according to any one of claims 23-32, further comprising a DNA encoding at least E4- 
orf6 of an adenovirus of subgroup B, preferably adenovirus serotype 35. 

34. A method for complementing a recombinant adenovirus comprising 
35 providing a packaging cell line according to any one of claims 1-22, or a cell line 
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according to any one of claims 23-33, with said recombinant adenovirus and culturing 
said cell to allow for complementation. 

35. A method according to claim 34, further comprising harvesting 
complemented recombinant adenovirus. 

36. A method according to claim 34, or claim 35, wherein said recombinant 
adenovirus is derived from [adenovirus] a subgroup B adenovirus, 

37. A method according to claim 36, wherein said recombinant adenovirus is 
derived from adenovirus type 35. 

38. A recombinant adenovirus obtained by a method according to any one of 
claims 34-37. 

39. A recombinant adenovirus according to claim 38, comprising a deletion of 
nucleic acid encoding at least one El -region protein. 

■ 

40. A recombinant adenovirus according to claim 38 or claim 39 comprising a 
deletion of nucleic acid encoding at least one E3-region protein and/or at least one E4- 
region protein. 

41 . Use of a recombinant adenovirus according to any one of claims 38-40, for 
the preparation of a medicament. 

42. Use of a packaging cell line according to any one of claims 1 -22, or a cell 
line according to any one of claims 23-33, for the complementation of a recombinant 
adenovirus. 
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1 CAT CATC AAT 
71 GCCGTGTGGT 
141 TGGGGGTG6A 
211 CTACTTA&TT 
28 1 ATTTTCSEGC 
351 TTGTTCAGGG 
421 CCGCGTAlfCG 
tt9"? GGTTTGTGTC 
561 ATAAAAAflAT 
631 GGAGCTTGTG 
701 CTTCAGGAAC 
771 TTACCGATTC 
641 TCCAGGG£?TG 
911 TTGCACTtJCT 
931 CTGCAGCGGG 
1051 TGGCTGT4aG 
1121 ATGAGAAtJGC 
1191 TCACATGtAT 
1261 ATCTCCTGAT 
1331 CCTGTGA4GC 
1401 SACCTTTSGA 
1471 ACCTCAATAT 
1541 TGGGCGGGGA 
151 1 ATGGAGGTjTT 
1681 TCTCCGGTjTT 
175 7 TAAACAAGAA 
1521 GTTCACT"nTA 
1891 CTTTTCTTUc 
1961 CATAGCC4CA 
2031 CAGCCTTTjGG 
2101 AAGAGGAGAA 
2171 CTGCAACQGG 
2341 OTGGTACTlGA 
2311 GCATGAGGTT 
23B1 AAAACATGTT 
2451 GGCCTGATIAA 
2521 GGCTGAGGTG 
2591 GTAGTCGGTA 
.2661 TTATGGCCjAA 
2731 CTGGGGAQAG 
2801 AGTCAATTGT 
2871 GGGTCCGTCA 
2947 TAACATGATT 
3011 ATGCTGGuTA 
3081 CCAAGTGCAC 
3151 CAAAGTGTTG 

3221 ATCTGGAASA 

3291 CCAGGTTCCA 

3361 7GGAGCAGA6 

3431 TTTTCAGATG 

3501 TTTTAAGGGG 

3571 GTTATGGGAT 

3641 TAAGTTCTfTC 

3711 AATGGGTTl^C 

3781 AAGTTACTtre 

3S51 ccgagttg:g 



AATATACCTT 
GATTGGC7GT 

GTTTTTTTGC 
TTCCCACGGT 
GAAAACTGAA 
CCAGGTAGAC 
TGTCAAAGTC 
AAGAGGCCAC 
GAGAGATTTS 
GTGCACGCCC 
TGTATGATTT 
TATGCTTTTA 

ATTGTGGAAA 
ATGAAGACGG 
TGAGGGAGT6 

TCTTGTGAAT 
ACTGCCACTT 
ATTGAGTGTG 
TCTACTACCT 
TTAAQCCTGG 
CTTGAGTACA 
TTGTGTGAGA 
CTCAGGTATA 
GGGCCATTTT 
TTGGAGATTC 
TTTGAAAAGT 
AAGAAAAAGT 
TTTTATATTA 

GCATTGTGGA 
GTGTAGCGGG 
CCCGAGAGCC 
TGCTTACTGG 
TGCTAGATCT 
CAGAAAGAGC 

GGTTGGAGCC 
ACAGTATAAG 
GTAATAGATA 
TGGAAGCAGT 
TACCAAACTT 
GTTAGTGTAC 
CTC'I GAAGAA 
CTCCGCTTCT 
TGTGGTGCTT 
CTGTGCATAT 
CATGCATGCA 
TTGGAACCAG 
TCCTGAGGTA 
GCCGGTGTQT 
TTCQGATCCA 

gacagattga 
ggagtcttca 
ctactgtgga 
acctttggac 
tatggaagca 

TCCTTrTGGC 

agtacaaact 



aTagatggaa 
ggggttaacg 
aagttgtcgc 
atttaacagg 

TGAGGAAGTG 

tttgacccat 

ttctgttttt 
tcttgagtgc 
cgatttctgc 
tgatgggaga 
agaggtagag 
gctgctaatg 

gcggtacagg 
gtttcctccg 
aaggctgcca 
ttcacaggaa 
tatttacagt 
acttttgtgc 
cacctcc7ga 
gaaacgtcca 
cggaaacgtc 
gtgcaatgta 

taagtagaag 
ggaagacctt 

tggttcgcta 
tgttggtaga 
ttt at cag rr 
gataaatgga 

gaacatggaa 
aatcctgagg 

ggcctggacc 
atctacgtcc 
gagttggctt 
caagccatga 

agaggatgat 
atcagtagac 
ctcaagacaa 
cacttttgta 
atattgcatg 
gggggtgtag 
atgcatattc 
acagatactg 
ccgatgagag 
tgtttcccat 
ggtgggcgta 
atgccttttc 

tgatgatacg 
gtagatgtga 
gtggagaaga 
gtaaaaattt 

gcccttat'ct 
tggaagaccc 

gcagctgcag 

TCGTGGCTftA 
CCAGCTGGAG 
GAGTCTGCTG 



TGGTGCCAAT 
GTTAAAAGGG 
GGGAAATGT7 
AAATGAGGTA 
TTTTTCTGAA 
TACG TGQ AGG 
ACGTAGGTGT 
CAGCGAGAAG 
CTCAGGAAAT 
CGATCCGGAG 
GGATCGGAGG 
AAGGATTAGA 
TGTAAGAAAA 
AGTGATGAGG 
ATGTTGGTTT 
AAATACTGGA 
AAGTGTGTTT 
TTCTTATTAT 

TATTCAAGCA 
GCAGTGGAGA 

CAAGACAATA 
ATAAAAATAT 
CAGACCTGTG 
AGGAAGACTA 
GTGAATTAGC 
TTGCCCAGGA 
TTAGACTTTT 
TCCCGCAGAC 
GGTTCGCAAG 
CATCCACCGG 
CTCCAGTGGA 
ACTQGACGGG 
TAAGTTTAAT 
AGTTTCTGTA 

TGGGCGGTGG 
GG ATT A AT AT 
GACAGTTATT 
AATGTTAAGT 
GTTGTAGCTT 
TTTCTATGCG 
CAAAGATGTA 
GATGTTTTAT 
GCCTTATCAA 
CAACGCAAAA 
GAGGAATGTT 

CAGAATGAGC 
AGATCGAGGG 
CCGAAGATCT 
AACTGACTAA 
GTTTTTTCTG 
GACAGGGCGT 
GTTCAACCCG 

CCGCTGCCGC 
TTCCACTTCC 
GCTTTGACCC 
TCGGCACGGC 



ATGTAAATGA 
GCGGCGCGGC 
ACGCATAAAA 
GTTTTGACCG 
TAATGTGGTA 
TTTCGATTAC 

cagctgatcg 
agttttctcc 
aatctctgct 
ccacctgtgc 
attctaatga 
attagatccg 

TTACCTGATT 
AGGACCATGA 
TCAGTTGGAT 
GTAAAGGAAC 
AAGTTAAAAT 
AGGTCCTGTG 

CCTGTTCCTG 
AACTTGAGGA 

AGTGTTCCAT 
GTTAACTGTT 
TGGTTAGCTC 
BGCAACTQTT 
TAGGGTAGTT 
CTTTTTGAAG 
CAACCCCAG6 
TCATTTCAGC 
ATGAGGACAA 
TCATGCCAGC 

GGAGGCGGAG 

ATAGGGGCGT 

GAGTCGCAGA 

TTQCAGGAGA 

CCATTAAAAA 

CCGGAATGCT 

AGATGCTGCA 

TTAGGGGAGA 

TTTTGGTTTC 

TCTTGGATTG 

ACCTGGGCAT 

TTTAATTAAG 

ATGCTCACTT 

AATGGCCTGT 

TATGCCTTAC 

CTAACACGAA 

TGCGCGCATG 

CAGACCGGAT 

GGTGAGTATT 

TCTTGCAGCT 

CTCCCATCCT 

CCAATTCTTC 

CGCCTCTGTC 

TCTAATAACC 

AACSTCTGGG 

AAAGTCTAAA 



GGTGATTTTA 
CGTGGGAAAA 
AGGCTTCTTT 
GATGCAAGTG 
TTTATGGCAG 
CGTGTTTTTT 

CTAGGGTATT 
TCTGCGCCGG 
GAGACTGGAA 
AGCTTTTTGA 
GGAAGCT6TG 
CCTTTGGACA 
TGAGTTCCGT 
AAAGGAGCAG 
TGCCCGGAGC 
TGTTATGTTC 
TTAAAGGAAT 
TCTGATGCTG 
TGGACGTGCG 
CTTG7TACAG 
ATCCGTGTTT 

CACTGGTTTT 
ATAGGAGCTG 
AGAGAGCGCT 
TTTAGGATAA 
CTCTTAATTT 
TAGAACTGCT 
AGGSGATACO 

TCTTAGGTTA 
GGTTCTGGAG 

TAGCTGACTT 
TAAGAGGGAG 
CGTCCTGAAA 
AATATTCACT 
TTATGCCAAG 
TGTTACATAT 

TGATGGATAT 
TGGTTATAAT 
AACAATACCT 
CCACAGCTGG 

TCTGAATGAA 
GGAAATGCCA 

GTGCTGGTGG 
TTTTGATCAC 
CAGTGTAACA 
TCTTTGACAT 

CGAATGCGGA 
CATTTGGTTA 
GGGAAAACTT 
GACA7GAGTG 
GGGCAGGAGT 
AACGCTGACC 
GCCGCTAACA 
CTTCTACACT 
TGAACTTTCT 

TAAAAAAAAT 



AAAAGTGTGG 
TGACGTTTTA 
TCTCACGGAA 
AAAATTGCTG 
GGTGGAGTAT 
ACCTGAATTT 
TATACCTCAG 
CAGTTTAATA 
ATGAAATATT 
6CCTCCTACG 
AATGGCTTTT 
CTTTCAATAC 
GGACTGTGAT 
TCCATGCAGA 
TTCCTGGACA 
GCTTTGTTAT 
ATBCTGTTTT 
ATGAATCACC 
CAAGCCCATT 
GGTGGGGACG 
ACTTAAGGTG 
TATTGCTTTT 
GCTTTCATCC 
TCGGACGGAG 
AACAGGACTA 
GGQCCATCAG 
GCTGCTGTSG 
TTTTGGATTT 
CTGGCCAGTG 
GAGGAACAGC 
GTCTCCTGAA 
AGGGCATCCA 
CCATTTGGTG 
GGAACAGGTG 
ATAGCTTTGA 
CTGGAAATGG 

GTGGCCTGGA 
GGAATAGTGT 

GTGTAGATGC 
CA6AACCAAG 
GGCGAAGCAA 
GCGTAAAQCA 
GCATTGTAAT 
AAT6TGTTGA 
TGAATCATGT 
GAACACGCAA 

GGCAAGCATG 
TTGCCCGCAC 
TGGGGTGGGA 
GAAATGCTTC 
TCGTCAGAAT 
TATGCTACTT 
CTGTGCTTGG 
GACTCAGGAC 
CAGCAGGTGG 
TCCAGAATCA 
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3921 ATGAATAAAT AAACGaGCTT GTTCTTGATT TAAAATCAAG TGTTTTTATT TCATTTTTpe CGraprrTAT 
ttH KStEESE ^^ TCTCG AT "TTGAQA ACTCSGTSGA TTTTTTCCAB JStSStS aStSSItT 
!?? CGGGETARTG tt^IStp? A Jp AG ? CCGT CTTT G<* G STG GASATAGCTC CATTGAAGGG ATTCATGCTC 

555551^515 II G I AAATCA CCCAGTCATA ACAASQTCGC AGTGCATGGT GTTGCACAAT ATCTTTTAGA 
427 TTTGArrTGA II-tatp^ TAAGCCCT I g GTGTAGGTGT TTACAAACCG GTTGAGCTGG GAGGGGTGCA 

I TCGAGG TGA AAiTATGTGC AT7TT5GATT GGATTTTTAA GTTGGCAATA TTGCCGCCAA GATCCCGTCT 

44? 2??ESiIS JEEtt?" '-^ACCAAGAC GGTGTATCCG BTACATTTa! KStTTATC !tIcaEt5 
0«a ? A I??^ AAA ? S5I^ AAAAA TTTGGAGACA CCCTTGTGTC CTCCGAGATT TTCCATGCAC TCATCCATrSA 

Ssi ttcctbabtt IS!?rS??S$ GCfiG p Ge T GC 6GGCAAACac sttccgtggg tctgacacat CATAGTTATG 

482 ZTTCClfcM w?r?ri?r r ^r^tUll AATGAATTTG GGGCGGAGCG TACCAGATTG GGGTATGAAT 
OITCLTICGG GCCCCGGAGC ATAGTTCCCC TCACAGATTT GCATTTCCCA AGCTTTCART TrTPAPPPTP 

JS caagtttctg SEESE? GCTATGAAGA acaccgtttc nSSSSi StSStaSS MWQATAO 

483 TCBtIcT??2 GPGAAPP^pa SEE"*" TCCGGTGGGG CCATAAATAA TTCCGATTAC AGGTTGCAGG 

2«ni I??! 4 .?!!; 4 - S9^ ACCGCA actgccctct tctcgaagca agggggccac ctcgttcatc atttccctta 

CATGCATATT TTCCCGCACC AAATCCATTA GGAGGCGCTC TCCTCCTAGT GATAGAAGTT ptttt aptpa 

sill It^Vrll I^ A ? CGGTT TTAeA CCGTC AGCCATGGGC ATTTTMAAA 1aGT?tGCTG SSIStTCT 

i?H TGGACGCCTC ct?5I2™I G T I S I GTTCT AtSSCATCTC GATCCAGCAG ACCTCCTC5T TTCGCGSGt} 

t fti J55tSiS$IS SI5 G i G I AGG STATGAGACG ATGGGCGTCC AGCGCTGCCA GGGTTCGGTe CTTCCASGQT 

UVt ?ir^J?JIS GAS I CAGSGT TGTTT CCGTC ACAGTGAAGG GGTGTGCGCC tgcttccbcb cttsccaggq 

6S21 G?T?fc?Arr APTTr™? C1GGTGGAGA ACTTCTGTCG CTTGGCGCCC TGTATGTCGG CCAAGTAGCA 

11 ttStSSt! ccSgcI a ?I ta AGCGC t J c GGC p GC ? tgg cctttggcgc ggagcttacc mSSSerf 

ctll ILmliiZ I CCGGGCASTA TAGGCATTTC AGCGCATACA GCTTGGGCGC AAGGAAAATB GATrrTrorr 

«S ggggtcaaaa SSSmS £JS?5E? T ^ri T CACA I TCCACCAGC "SSiSS ™ 

^firtl rrifrTri^ ACAAGTTTTC CGCCATATTT TTiGATGCGT TTCTTACCTT TGSTCTCCAT AAGTTCGTGT 
567 TMCtSgT? T^TT^TAr fE?I C $SI A T CTCCGTAGA CTGATTTTAC AGGCCTCTTC TcKSSSg 

I <pE ™ *K? Si ™ Eili 

5881 CTGSGGGGGT ATAAAAGGGG GCGGTTCTTT SGTCTTrrTr fl r T PTr?Yrr ^T^SSi™ bto « 61 CCCCG 

li ™ ™i ™ I 111 Hp &ES 

gf s s S S I™ L~ ~ 

II?! gssss Sffisjjjs sssggs essis* ;;?? e r c4T 

s»: =! «sss ™P iSS 23* &esk 

6861 TGGGCATAAG ATTCTTBAAP rn^r^^ G ^^ CCG H A TGAGfiTA SAC CTACAGAGTC TCTGACAAAG 
6931 GTGTTTCTTG StSSbTCA TaIgctIStt e?K5??r?5 J SAC ^ AGTAC 8TCTAGGGCG CAGTAGTCAA 
7001 TTCGCGATCC TTCCAGTACT CTTCTAGCGG ItlrrrJrll IJ CCC £ CAST TCG CGGTTGA GAAGGTATTC 
7071 AACTGATTAA CTGCCTTGTA AGgSaGCAC KCTTW?5I GG I AAGATCC TAGCATGTAG 

7141 GTAGCGAAGC GTGAGTAAGG GCAAAGGTG? r CC Tr C J C I A CGGS I AGAGA GTATGCTTGA GCAGCTTTTC 
7211 GTCGTCACAG CCTCCCTGTT CCCAg| S ??? SlfJS^S^I GA SI TTGA8A AATTGGTATT TGAAG7CCAT 
7281 AAAGTAACAT CATTGAAGAG AATCTTmS t^flrrrr°. t? AGGCGGGGTT GGGCAAAGCG 

7351 GTACTTCCCC TCGATTGTTG ATCaStbsc eSer?5pS5? J AAAATTGCs AGTGATGCGG AAAGGCTSTG 
7421 TACSATGTAT AATTCTATGA AAcrrnrr 6 ? C ^ GC J A H GAC GATTT CGTCG AAACCGTTGA TGTT3TGTCC 
7491 AGGTCTGTG5 W^AGATaJ CBCafSf" TCgIgIgccc I? AGG 3 AGC ?: JACTSAGCTC ATCAAAGSTT 
7561 ATGATGACCA AAGATCTACC GCCAGTGCTG xTTBTAArTn 5II CG I GCAI5 G TGAGGATTT ECATGTAGGA 
7631 TGCCA7TTTT TCTGGAGTGA C AC acta pa a llr$l™$l G GTCCCG ATAC TGACGAAAAT GCCGGCCAAT 
7701 ATGGCTAGAT CGTGGGCCAT GTTGaJeaGA cIc?°t? 0GG ATCGATCCCA CtTGAGTTTA 

7771 CTAGTTGTTT GCCAAAGGAT CCCATCCaIg tbtIS^t? C I GAG ^ GTTr ^ATGACCAGC ATGAAAGGAA 
7941 GCQABGATGA GAGCCGATCG GGAAGAAC?S p^tttp™ CAC ^ TCGTAG GTCABGAAGA STCTTrCTBT 

791 1 TGGAAGTAGA AGTTTCTGC6 GCGCGCmIS cSSgtgtt tSStJJ?? flBGATTee " GTTGATGTGA 

vn.^wv.utaAto TUGTGTT TGTGCTTGTA CAGACGGCCG castagtcgc 
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7981 AGCGTTGCAC GGGTTGTATC TCGTGAATGA GCTGTACCTG GCTTCCCTTG ACGAGAAATT TCAHTGGGAA 

|?| ?^8AGGCCT GGCGATTGTA TCTCGTGCTC TTCTATATTC GCTGTATCgI CCTGTTCaTC T^TcTTTW 

8121 ATGGTGGTCA TGCTGACGAG CCCCCGCGGG AGGCAAGTCC AGACCTCGGC GCGGGAGGGG CGGAGCTGAA 

?£S£?$I B GAGCTG ' CCA GAGTCCTGAG ACGCT6CGGA CTCAGGTTAG TAMTttBGA 

! CAGAABATTA ACTTGCATGA TCTTTTCCAG GGCGTGCGG6 AGGTTCAGAT GGTACT7GAT TTCCACAGGT 

I^ITTGJAG A GACG7CAAT GGCTTGCAGG GTTCCGTGTC CTTTGGGCGC CACTACCGTA CCTTTGTTTT 

J^TTTTSAT CQQTGCTB6C TCTCTTGCTT CTTGCAT6CT CASAAGCGGT GACGGGGACG CGCGCCGGGC 

«U SSS^SSSIZ GTTCCGGACC CGGGGGCATC GCTGGTAGTG GCACGTCGGC GCCGCGCACG CGCAGGTTCT 

a«i TCTGAGAAGA CTJGCGTGCG CCACCACGCG TCGATTSACG TCTTGTATCT GACGTCTCTG 

!« GQT 2 AAAGCT ACCG GCCCCG TCAGCTTGAA CCTGAAAGAG AGTTCAACAG AATCAATTTC GG7ATCGTTA 

Hi bcBSatttc ttStcSSI BSW^S I cac . cagagt t«tccts8Ta SScgaYctcc S^tSSt 
aool rrlE TTc ttcctcctga agatctccgc gacccgctct ttcgacggtg GCCGCGAGGT cattggagat 

Sb tcqcaSStc £l?EE5E ecccGccrcG ttccagacgc ggctgtaaac ucSSm 

iESl A I CTC TTececGCAT CACCACCTGA GCGAGGTTAA GCTCCACGTG TCTGGTGAAG ACCGCATAGT 

s jsssfss? sESttss itssss hsse$* t issbs? iStSSjs 

21? ?§ 5? AA Z^ISS 2SJSSS KSSgJ SSS! S5SSS 

K ?IJ2tctS CTCCCGGGAT ctSKSS EtotatS SSttSS 

l i a 1 A JSSStS AGTGACG6CG gSSSSf 

3 ™ ? ™ s SSSS5I ?SSS2B 

ii E s j J«ks =?; sssgss sssss sbbse 

973 ieSSSTCTT ££353 ESBttEI ^KS 88 " ETTCTAAG " KEGS GGCgIggaGC 
Qsni TAn?*li«iJ I~SI C E GGC TTGCtGGATA CGCAGGCGA7 7GGCCATTCC CCAAGCA77A TCCTGACATC 
I A S CAA1 3ATC TTTGTABTAG TCT7GCA7GA GCCGTTCTAC GGGCACTTCT TCeTrACfrrs nrrnr^ 

SS mSrS SISKSS ggcbcattgg ttbScSct ScSmtcm ctmuctct ttcQcmS 

1001 TATtStGGT G^ArrS 2$?SJ??ST TGAAAGT C A T CAAAATCCAC AAAGCGGTGG TftAGCCCCTG 

QOR1 rr-rrTATT?! G J AAG i- CAG . TTG SCCATGA CTGACCACTT AAC7CTCTGG TGACCAGGGC GCACGAGCTC 

0?l ?A?r?rItI A f 5 AGGCGCGGGT GTCAAAGATG TAATCBTTGC AGGTGC6CAC CAGATACTGG 

0221 r AAAA J SCGG E GGT6eTTeS "C7AGAGAG GCCATCGTTC TGTAGCTGGA GCCCCACace 

!S StSKSc c^ggIaac? g2?SrJESc£ SS58S2E SSSEES SPSS 8 *™ JScgSS 

103S1 8GCACGGTTT GACCAGTGAG BCOCBCaCAB ScItt^ 5 . IIE C $ rASCG "5CATSAAGTA G7TCATTGTA 
10431 AGCGAC7CGA CTccr-rlppr ;r?;S?fJ? J3 AT I GATGC TCTArA <S A CA CGGAGAAAAT GAAAGCGTTC 
10501 TACTcIIbCC GgCCgKgcc SgcIaacg TGGTAT???? SCSSS STACCCCGGT TCGAGACTTC 
10571 CAGGATACGB AATCGAGTCG TTTTGCTr - PT ???r£lI?S£ AC IS CCGTCT "ACCCAGCC TACAAAAATC 
10641 TTTGCCGCTC AG A TGCATrr rJ-rlfrlffl II CC $ AATGS CAGGGAAGTG AGTCCTATTT TTTTTTTTTT 
10711 AGCAGCAACC aIaIaaGGC? GTCCCTGCAA CTA^ir?^ SSE^rrpTr GCCCCCCTCG CA6CAGCAGC 
10731 CTATGATCTG QACTTGGAAG abommI?? flr^SiJS T5CcGC CGTG AGCGGTGCGG GACAGCCCGC 
10851 CGAGTTCAAC TGAAAAAAGA TTCTCGCCAr ^rrrlr^l ?Ii??I?S? C crTC S«CSA gcggcatccg 
10921 GCGAGGAGCC G6AGGASATG CGAGCTTcrc frrlrAl^ C H^ AGAGAA CCTATTTAGA GACAGAAGCG 
10991 AAGACGAGTG TTGCGAGACG AQBATTTCCA Ar^^r? C 252I^I GAG! CTGCGTCACG GTTTGGACCG 
11061 STGGCTGCAG CCAACCTTCT ATrrrrT^fr ^JI eA I? AA 5 T(SACaGC G a TCAGTCCTGC CABGGCACAC 
11131 TTAATAATCA TgTGCgII" SStSm? rrr^r ACAG I AAAGGAAGA GCGTAAC7TC CAAAAGTCTT 
11201 GATGGAAGCT AfcAT^CAGA C^CCrSl IccGC^frJ V4rl^ ATT T ®TGSGATTT 

11271 AGCASAGACA ATGAGGCTTT CA6AGAGGCG CTfiCTelfM TrfSr^.nS I^TI TCTGGT G ST6CAACAC 
1 1341 ATCTTATCAA CATTCTACA6 AGTATCATap T^r^r^rn .« AGGGAAC S CGAGGGGAGA 7GGTTUTATG 
.11*1.1 CATCAATTAC TCBGTT^gI GcilGGGAAA ItATTACCCT «?SSIa??S C ^^ C 2 AGA a «STA G C7GC 
11481 ATAGACAAGG AGGTGAAGAT AGATGrrTrr rlrli^^I CGCAAAATCT ACAAGACTCC ATACGTTCCC ' 
11551 ATCTTGCGGT GTATCGCAAT GACAGAATGC Itr^rr^Y I?S C -^I CAA SGTCTTGACC CTGAGCGATG 
11621 CAGGGAAC7G AT6CACA QTT TSCAAAfiAGr 5I$5?5S25T JAGCGCCAGC AGGAGGCGCG AGTTAAGCGA 
1 1691 ATGCCABCTG ACTTGCAGTG OCAftf CTACT JSf MM?r frl^rnr^f AG6GTGAGAA TTACTTCGAC 
11761 CTTACATAGA AGAGGCGGAT GAAGGCGflEG S« A ?MnS ^ A ^ GC S3 C « A CGGCAGGA TCTCACCTTC 
11831 GTGTTTTTTG CTAGATGGAA CAGCAAGCAC CCGAT^rren ffSSISS 776 GAAGACTGAT GGCACAACCC 
11901 CGGCATTAAC TCCTCGGACG ATTS^CCCA ^ISa rrr^ GG SCGCTg CAGA GCCAGCCG7C 
11971 GAAGCCTTTA GACAGCAACC SKSgg ^? CA I? C CAA gljggg CgTTJAC^C TC3CAACCCC 
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1201] CTAATCCCAC TCATGAGAAG GTCCTGSCCA TCGTGAACGC GTTGSTGGAG AACAAAGCTA TTCGTCCAGA 
1211 TGAGGCCGGA CTGGTATaCA ACGCTCTCTT AGAACGCCTG GCTCGCTACA ACAGTAGCAA TGTGCAAACC 
12181 AA7TTGGACC GTATGATAAC AGATGTACGC GAAGCCGTGT CTCAGCGCGA AAGGTTCCAG CGTGATGCCA 
\UV, ACC I GGGTTC . GCTGGTGGCG TTAAATGCTT TCTTGAGTAC T CA GCCTGCT AATGTGCCGC QTB8TCAACA 
™*lltlt*l AACTTTTTAA GTGCTTTGAG ACTGATGGTA TCAGAAGTAC CTCASAGCGA AGTGTATCAG 
™? TCCGGTCCTG ATTACTTCTT TCAGACTAGC AGACAGGGCT TGCAGACGGT AAATCTGAGC CAA6CTTTTA 
tti^lltt AGeTTTSTGG GGAGTGCATG CCCCGGTAGG ASAAAGAGCA ACCGTGTCTA GCTTGTTAAC 
TCCGAACTCC CGCCTGTTAT TACT9TTGGT AGCTCCTTTC ACCGACAGCG GTAGCATCGA CCGTAATTCC 
260 TATTTGGGTT ACCTACTAAA CCTGTATCGC GAAGCCATAG GGCAAAGTCA GGTGGACGAG CAGACCTATC 
|^ ?f?*"JI?r *^ ETCACT CGCGtTTTGG SACAGGAAGA CACTGGCAGT TTGGAAGCCA CTCtSaACTT 
CTTeC I TACC AATCGGTCTC AAAAGATCCC TCCTCAATAT GCTCTTACTG CGGAGGAGGA GAGGATCCTT 
Hull AGA I ATGTEC AGCAGAGCGT GGGATTGTTT CTGATGCAAG AGGGGGCAAC TCCGACTGCA GCACTGGAcI 
22 1 I QACAGtrGCG AAATATGGAG CCCASCATGT ATSCCAGTAA CCGACCTTTC ATTAACAAAC TCCTCBaSta 
295 CTTGCACAGA GCTGCCGCTA TGAACTCTGA TTATTTCACC AATGCCATCT TAAACCCCCA CTGGCTGCCF 
3021 CCACCTGGTT TCTACACGG6 CGAATATGAC ATGCCCGACC CTAATGACGG ATTTCTGTGG clrftA^Trr 
EE TTCTMATCQ CjSSSSSL ™1™? C ATCGCACGTG GAAAAAGGAA SSSSS81 SStJStTC 
323 ??5?PfT?5? I~?T GGGTSC TACC( 3CGGCT GAGCCCGAGT CTGCAAGTCC TTTTCCTAGT 

JS! 2S3SSI S?IEJ£? tccttgctca SffifiSS SSKffil SSSI 

851 SSSSSK ^TAGATGGAA mEttSScT CAGGAT^I 5KSESS 

«SSS ACTTGGGTGG GAgS SS ~ 

S ™ ™- -™ -™ sassa 

! ™ G G <™ SESSS 




iSJi SSSffiSS ?EjS2S |?«AACMQ TmTSr™ GTAACAAGTT KSSS SKSSS? 

™ I if- ssass c????^?? issss ssi; me 
w i ~ ™ iS ~ i# = 

s» ssssa ss i f ssssss ssasis 

1477! ctgaaggaac ggacgtgaaa ctcIctattc 5Sce?I?IJS SSliZSSSSS atcattattg GCCGATGTGT 

14M1 GTTGGAAGAC AAAATCAACA CAacCTA^i ™™5T AAGAATAGAA gctataatst 

14911 GGAGTGCGTT CCTBBACATT GCTCACcIcr ?r!II?r?rI «I™TBSCGA TCCCBAAAAA 

iSS! tISSSS? SKS 8 " cSSS" rocwTccJc taIStc agtaactacc SSStS 
111 SqtcScct SStaSca C G?c AA cSic SSE&S gaacaagctg tqtactccS g'cagc??? 5 ? 

15191 CCACCATTAC 3S?2£ GAAAACGTTC 8S5?5? 52^*1 I™IS3I £""GGCGC 



ioivi i accchACAT UCCGTGCGTG TTCGCGGACA TTTTrrrrr-r r^-ffvAoA^i ° urt «««'0<-fl>- laLAAACGTTC 
15541 GTTCGAACCA CCGTCGATGa TGTAATCSAT ?Irw££J C 5 ATI?GGGTG ^CCTCAAGGG CCGCACTCGC 
15611 CTACATCTAC TGTGGATGCA GTTATTGACA r?B?IS?JJS CCGACGCCCG TAATTATACT CCTACTGCEC 
1S681 CCGGCGAAGG CSCATTSCCA KSkJccJ 22??S?^5 Jr A ™£ SC AACTATG CTC GACGTAAGAG 
15751 AGAGCTAGAC GCGTSOQGCG AAGAGCCATn CTTAOCC^J CCGCAAGAG C TCTGCTACGA 

15821 GCABGTCCCG CAGGCAAGCA GCCGCTGTCG cleCGCrrfr StSS^I 66 AGCT TCGGGC GCCAGCGCCG 
ISBai ra/vTftY/iT»r t™^~2-Z2 ?^5r??r?T C6 G 5?E GG ^ Ga C TATTGCC6AC ATGGCCCAAT CGCGAAGAGG 
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16101 CAABCGGGTT AAAAAGGACA AAAAA6AAGA GGAAGATGGC GATGATGGGC TGGCGBAGTT TGTGCGCGAG 
16171 TTTGCCCCAC GGCGACGCGT GCAATGGCGT GGGCGCAAAG TTCGACATGT BTTGAGACCT GGAACTTCGG 
162m TGGTCTTTAC ACCCGGCQAG CGTTCAAGCG CTACTTTTAA GCGTTCCTAT GAT8ABQTST ACGGGGATGA 
16311 TGATATTCTT GAGCAGGCGG .CTGACCGATT AGGCGAGTTT GCTTATGGCA AGCGTABTAG AATAACTTCC 
1638 1 AAG5ATGAGA CAGTGTCAAT ACCCTTGGAT CATGGAAATC CCACCCCTAG TCTTAAACCG GTCACTTTGC 
16451 AGCAAGTGTT ACCCGTAACT CCGCGAACAG GTGTTAAACG CGAAGGTGAA GATTTSTATC CCACTATGCA 
16S21 ACTGATGGTA CCCAAACGCC AGAA6TT6GA GGACGTTTTG GAGAAAGTAA AAGTGGATCC AGATATTCAA 
16591 CCTGAGGTTA AAGTGAGACC CATTAAGCAG GTAGCGCCTG GTCTCGGGGT ACAAACTGTA GACATTAAGA 
16661 TTCCCACTGA AAGTATGGAA GTGCAAACTG AACCCGCAAA GCC7ACTGCC ACCTCCACTG AAGTGCAAAC 
16731 BGATCCATGG ATGCCCATGC CTA7TACAAC TGACGCCGCC GGTCCCACTC GAAGATCCCG ACGAAAGTAC 
16301 GGTCCAGCAA GTCTGTTGAT GCCCAATTA7 GTTGTACACC CATCTATTAT TCCTACTCCT GGTTACCGAG 
16371 SCAC7CGC7A C7ATCGCAGC CGAAACACTA CCTCCCGCCG TCGCCGCAAG ACACCTGCAA ATCGCAGTCG 
18941 TCGCCGTAGA CGCACAAGCA AACCGACTCC CGGCGCCCTG GTGCGGCAAG 7GTACCBCAA TGGTAGTGCG 
17011 GAACCTTTGA CACTGCCGCG 7GCCCGTTAC CATCCGAGTA TCATCACTTA ATCAATGTTG CCGCTGCCTC 
17081 C7TGCAGATA TGGCCCTCAC TTGTCSCCTT CGCGTTCCCA TCACTGGTTA CCGAGGAAGA AACTCGCGCC 
17151 QTAGAAGAGG GATGTTSGGA CGCGGAATGC GACGCTACAG GCGACGGCGT GCTATCCGCA AGCAATTGCG 

222I22IUI TIf5 CAeccT taattccaat tatcgctgct gcaattggcg cgataccagg catagcttcc 
™! ?I2 c S fiQTTC asgcct cgca acgacattsa cattghaaaa aaaacgtata aataaaaaaa aatacaatgg 
17361 actctgacac tcctggtcct gtgactatgt tttcttagag atggaagaca tcaatttttc atccttggct 

Mtll ^5S2 ACACG gcacg aaccc gtacatgggc acctggagcg acatcggcac gagccaactg aacsgggccg 
^soi ccttcaattg gagcagtatc tggagcgggc ttaaaaattt tggctcaacc ataaaaacat acgggaacaa 

]Zf.V AecT TGUAAC AGCAGTACAG GACAGGCGCT TAGAAATAAA CTTAAAGACC AGAACTTCCA ACAAAAAGTA 
17641 GTCGATGGGA TAGCTTCCGG CATCAATGGA GTGGTAGATT TGGCTAACCA GGCTGTGCAG AAAAAGATAA 
17711 ACAGTCGTTT GGACCCGCCG CCAGCAACCC CAGGTGAAAT GCAAGTGGAG GAAGAAATTC CTCCGCCAGA 
17731 AAAACGAGGC GACAA6CSTC CGCGTCCCGA TTTGGAAGAG ACGCTGGTGA CGCGCGTAGA TGAACCGCCT 
™2 I CT T A I GAGG AA 6CAACGAA GCTTGGAATG CCCACCACTA GACCGATAGC CCCAATGGCC ACCGSG6TGA 
17921 TGAAACCTTC TCAGTTGCAT CGACCCGTCA CCTTGGATTT GCCCCCTCCC CCTGCTGCTA CTGCTGTACC 
17991 CGCTTCTAAG CCTGTCGCTG CCCCGAAACC A6TCGCCGTA GCCAGGTCAC STCCCSBGGG CGCTCCTCGT 
^*^T™ A 5I G ? CAAAA TACTCTGAAC AGCATCGTGG GTCTAGGCGT GCAAAGTGTA AAACGCCQTC 
16131 GCTGCTTTTA ATTAAATATC CACTACCGCT TAACTTGCCT ATCTGTGTAT ATQTGTCATT ACACGCCGTC 
SSI ACA ^£ GCAS A GGAAAAAAG GAABAGGTCS TGC6TCGACG CTGAGTTACT TTCAAGATGG CCACCCCATC 
lllll StJ?5IS5S GAA I eGGCAT ACATCCACAT CGCCGGACAG GATCCTTCGG AGTACCTGAG TCCGGGTCTG 
31??! GT SCAGTTCG CCCGCGCCAC AGACACCTAC TTCAATCTGG GAAATAAGTT TAGAAATCCC ACCGTABrrr 

8411 cgacccacga tgtgaccacc saccgtagcc agcggctcat gttgcgcttc gtgcccgttg accgggaIga 

S3 A^Jt™ IrIT ACAAA n ^5??J^ AC CCTGGCCGTG GG «A C AACA GaIts^GSA KtSSSaS?: 
8551 ACGTTCTTTC ACATTAGGGG CGT6TT6CAC AGAGGTCCCA GTTTCAAACC CTATTCTGGT ACGfiCTTArA 

III} *"2SSS5 KSJ^fR G ^ C ^ AAATG CATCT CAATG GATTGCAAAA GGCGTACCAA CTCCACCA6C 
8691 CGCAG6CAAT GGTGAAGAAG AACATGAAAC AGAGGAGAAA ACTGCTACTT ACACTTTTGC CAATfirTrrT 

iS\ StMac?5S? SSSKJ^T TACAAAAGAG GG CTTACCAA TAGGTTTGGA GATTTCAGCT SSmSmT 
ilo aI^aaSI llrl.^l AAACTT T*TC AGCCAGAACC TCAAGTGGGA GATGAAACTT GGACTGACCT 

)=l¥< T G ^ S f AA ^ A £ ^ ATGGAGGCAG GGCTCTAAAG CCTACTACTA A CATS AAA CC CTGTTACGGG 

fnl T?™??? A AGGGTA CTAA TTTAAAAGGT GGTCAGGCAA AACCGAAAAA CTCGSAACCG TCGAGTGAAA 
o?f T A tJItS A I A ATGGAATTTT TTGATAACTC ATCGCAAAGA ACAAACTTCA BTCCtIJaaT 

12 JSS£I?J A ? 2S*;?££$T5 JAGGTTTGGA AACGCCAGAC ACTCATBTAG TGTACAAACC T8GAACAGAA . 
92S ATAACTTTat T^?rI A r JIJ?f^ A ^* "GTCTATGC CCAACAGACC CAACTACATT GSCTTCAGAG 
A ^ AC III A r I QBACTCATG TACTATAACA STACTGGTAA CATGGGGGTG CTGGCTGGTC AAGCGTCTra 
~S STTAAATQCA GTGGTTSACT TGCAGGACAG AAACACAGAA CTTTCTTACC AACTCTTGCT TGArTrTrTr 
9391 GGCGACAGAA CCAQATACTT TA6CATGTGG AATCAGGCTG TGGACAGTTA TGATCCTbIt ISSISSJ? 

19461 TTGAAAATCA TGGTGTGGAA GATGAACTTC CCAACTATTG TTTTrrATTr- ?5rr?rI? A X 5I A $ GTGTTA 

2S! S2S5K JffiS^lS t * ccaaatgg STSSSK aagaa C a } a a S?E55JSS 

11? THKTTTaTTr ?5!?S$SS5$ TAATTTGTTT SCCATGGAAA ttaaccttca agccaatcta tggcgaagtt 

q^II I CC III A II C I CTGTATCTCC CAGACTCGTA CAAATACACC CCGTCCAATG TCACTCTTCC 

\llVi AS ^^ CA i A AACACC TACG ACTACATGAA CGGGCGGGTG STGCCGCCAT C7CTAGTAGA CACCTATPTr 

19811 AACATTGGTG CCACGTGGTC TCTGGATGCC ATGGArAATG TCAACCcatt CAArrAr-^A^ ^ TATGTG 

19681 gcttgchtta ccgatctatg cttctgggta acggac'gtta tgtgcctt^c ^SSie TGC^P^Ia 

19951 ATTCTTCGCT STTAAAAACC TGCTSCTTCT rrra^rrTfr rir Arr-ri-ri: "-^ ATA[:flA G TGCCTCAAAA 

IS! sass as»s S ™1 ~ S ™ 
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20181 GAATQACACC AAT6A7CAG7 CATTCAACGA C7 ACCTATCT GCAGCTAACA TGCTCTACCC CATTCCTGCC 
20231 AATGCAACCA ATATTCCCAT TTCCATTCCT 7C7CGCAAC7 GGQCGGCT77 CAGAGGC7GG TCATTTACCA 
20301 GACTGAAAAC CAAAGAAAC7 CCC7C77TGG GGTCTGGA77 TGACCCCTAC TTTGTCTATT CTGGTTCTAT 
20371 TCCCTACCT5 GA7GG7ACC7 7C7ACC7SAA CCACACTTTT AA&AAGG777 CCATCATGTT TGACTCTTCA 
204*1 G7GAGC7GGC CTGGAAATGA CAGGTTACTA TCTCCTAACG AATTTGAAAT AAAGCGCAC7 G7GGA7GGCG 
20511 AAGGCTACAA CGTAGCCCAA TGCAACATGA CCAAAGACTG GTTCTTGGTA CAGA7GC7CG CCAACTACAA 
20531 CATCGGCTAT CAGGGCTTCT ACATTCCAGA AGGATACAAA GATCGCA7GT ATTCATTTTT CAGAAACTTC 
20651 CAGCCCATGA GCAGGCAGG7 GG77GA7CAC GTCAATTACA AAGAC7TCAA GGCCGTCGCC ATACCCTACC 
20721 AACACAACAA CTCTGGCTTT GTGGGTTACA TGGCTCCGAC CATGCGCCAA GGTCAACCCT ATCCCGCTAA 
20791 CTATCCCTAT CCACTCATTG GAACAACTGC CG7AAATAG7 GTTACGCAGA AAAAGTTCTT GTGTGACAGA 
20861 ACCATGTGGC GCATACCGTT CTCGAGCAAC TTCATGTCTA TGGGGGCCCT TACAGACTTG GGACAGAATA 
20931 TGCTCTATGC CAACTCACCT CATGCTCTGG ACATGACCTT TGAGGTGGAT CCCATGGATG AGCCCACCCT 
21001 GCTTTATCTT CTCTTCGAAG TTTTCGACGt GGTCa'GAGTQ CATCAGCCAC ACCGCGGCAT CATCGAGGCA 
21071 GTCTACCTGC GTACACCGTT CTCGGCCGGT AACGCJACCA CGTAAGAAGC TTCTTGCTTC TTGCAAATAG 
21141 CAGCTGCAAC CATGGCCTGC GSATCCCAAA ACGGC7CCAG CGAGCAAGAG CTCAGAGCCA TT5TCCAAGA 
21211 CCTGGGTTGC GGACCCTATT TTTTGGGAAC CTACGATAAG CGCTTCCCGG GGTTCATGGC CCCCGATAAG 
21281 CTCGCCTGTG CCATTGTAAA TACGGCCGGA CGTGAGACGG GGGGAGAGCA CTGGTTGGCT TTCGGTTGGA 
21351 ACCCACGTTC 7AACACCTGC TACCTTTTTG ATCCTTTTGG ATTCTCGGAT GATCGTCTCA AACAGATTTA 
21421 CCAGTTTGAA TATSAGSGTC TCCTGCGCCG CAGCGCTCTT GCT/^CAAGG ACCGC7GTAT TACGCTGGAa 
21491 AAATCTACCC AGACCGTGCA GGGCCCCCGT TCTCCCGCCT GCGGACTTTT CTGCTGCA7G TTCCTTCACG 

2IS2£E£ C CGTCCCATSG ACGGAAACCC CACCA7GAAA T7GCTAACTG BAQTGCCAAA 
21631 CAACA7GCT7 CATTCTCCTA AAGTCCAGCC CACCCTGTG7 GACAA7CAAA AAGCACTC7A CCATTTTCTT 
21701 AA7ACCCA7T CGCC7TA7TT 7CGCTCTCAT CGTACACACA TCGAAAGGGC CAC7GCGT7C GACCGTA7GB 
2T771 ATGT7CAA7A A7GACTCA7G 7AAACAACG7 GTTCAA7AAA CA7CAC7TTA T77777TACA 7G7A7CAAGG 
21841 CTCTGGATTA CTTA77TA77 7ACAAGTCGA ATGGGTTCTG ACGAGAA7CA GAATGACCCG CAGGCAGTGA 
2 911 TACGTTGCGG AACTGATAC7 7GGG77GCCA C7TGAA7TCG GGAA7CACCA AC7TGGGAAC CGG7A7A7CG 

liSH ?!Sr??tISJ SSST C 2 AC $£ C I TT C TSGTC AGC7GCAAAG CTCCAAGCAG G7CAGGAGCC GAAATC77GA 
22051 AATCACAA77 AGGACCAGTG C7C7GAGCGC GAGAG7TGCG GTACACCGGA TTGCAGCAC7 GAAACACCAT 

™™a?2£ I®T CTCAC 5 C ""^CAGCAC GGTGGGATCT GCAA7CA76C CCACATCCAG A7C77CAGCA 
22191 77GGCAA7GC TGAACGGGG7 CATC77GCAG G7CTCCC7AC CCA7GGC<5QG CACCCAATTA GGCTTGTGGT 
o??f \ I!£5tT?25£ 5TGCAGGGGG ATCAG7ATCA TC77GGCCTG ATCCTGTCTG ATTCCTGGAT ACACGGCTCT 
2222 CA I GAAAGCA TCATATTGCT TGAAAGCCTG C7GCGCT77A CTACCC7CGC TA7AAAACAT CCCGCAOBAC 
22401 C7GCTCGAAA ACTGGT7AGC 7GCACAGCCG GCA7CAT7CA CACAGCAGCG GGCGTCA7TG 7TGGC7AT77 
$2?2KKK TCTQCCCCAG CSC7777GGG 7GA77TTGGT TCGC7CGGGA TTCTCCTTTA AGGCTCGTTG 
IvlVl C7GGCCACAT CCATC7CGAT AATC7GC7CC TTCTGAATCA 7AA7ATTGCC A7GCAGGCAC 

TTCAGC7TGC CC7CA7AATC AT7GCAGCCA TGAGGCCACA ACGCACAGCC 7G7ACATTCC CAATTAtQGT 
S2S*2iI?T? £6AAAAA6AA TGTATCAT7C CCTGCAGAAA TCTTCCCATC ATCGTGCTCA G7GTCTTGTG 
$SI5 GTGAAA GT7AAC7GGA TGCCTCGG7G C7C77CGTT7 ACG7ACTGGT GACAQA7GCC CTTGTATTGT 
22821 7CG7G7TGCT CAGGCA7TAG TTTAAAACAG GT7C7AAG77 CG77ATCCAG CC7G7AC77C 7CCATCAGCA 
2289 GACACA7CAC TTCCA7GCC7 T7C7CCCAAG CASACACCAG GGGCAAGCTA A7CGGA7TC7 TAACAG7GCA 
22961 GGCAGCAGCT CC777AGCCA SAGGG7CATC TTTAGC6A7C 7TC7CAATSC T7GTTTTGCC ATCC77CTCA 
23031 ACGATGCGCA CSGGCGGGTA GC7GAAACCC ACTGCTACAA G77GCGCC7C TTC7CTTTC7 7C7TCGC7G7 
If]?? lllirrlrrl GGGATA ™TT TG6TC77CCT TGGCTTCTTT 7TGGGGGG7A TCG&AGGAGG 

5S?SaI2Ia2 ^ CCGTTCCG CAGACAGGGA GGA7TG7GAC G777CGC7CA CCATTACCAA CTGACTGTCG 

III? rGC?GclnTr r?frp?rr« rESKEfS SI£J T I TTC I TCGEGGG ^G AGGTGGAGGC GA77GCgAaG 
23311 GGCTGCGG7C CGACCTGGAA GGCG6A7GAC 7GGCAGAACC CCTTCCGCGT TCGGGGG7G7 GC7CCCTGTG 

US ^Trr^Vr £5SEII C CTtCGCG « T GGCCA77G7G TTCTCC7AGG CAGAGAaIcI MMACATK 

AA fST£i G £ C A T7GCTGTCA ACA7C5CCAC GAG7GCCA7C ACA7C7CG7C C7CAGCGACG ACGAAAAGGA 

23521 GCAGAGC77A AGCATTCCAC CGCCCAG7CC 7GCCACCACC TC7ACCCTAG AAGATAAGGA GG7CGACPri 
SSS! 15122155" TG ^ AGAAT ^ AAAAGCGAAA GAG7C7GAGA CAGACATC6A GC^GiccCG GGC7A7G7GA 

2386! CACCGG7GGA ACACGAGGAA GAGT7GAAAC GC77TC7AGA GAGAGAGGA7 GAAAACTGCC CAAAAf* Arro 

S2i S^?r J A Z" CCAAG ATQCT9QAAA 7AGGGA7CAG AACACcIac7 SktSJSI gcT TGACGGG 

M« !??5S22?!? J?2J™f A TCTAGC *AGA CAS7CGCTCA 7AGTCAAGGA TGCAT7A77G GACAGAAC7G 

lsU\ ^Ifrr^il rrllrrfrrs GAGCTCAGCT GCGCC7ACGA GC77AACCTT 7 TTTC ACC7C GTAGTCCCCC 

23941 CAAACG7CAG CCAAACGGCA CC7GCGAGCC AAA7CCTCGC TTAAAC7777 ATCCAGCTTT TrrTf^Tftrra 

IJ?8 ocetneS " TCTTTTTr aaaaatcaaa HSttcSB Scctqccsc StStcSS 

.5*. TGCCCTACTC AATCTGGGAC CTGGTTCACG CTTACCTGAr ATASCTTCCT TGGAAfArarT 

24151 tccaaagatc ttcgagggtc tcggcaataa tgagactcgg gccgcaaa?g ctctSSaS eesiaSAMT 
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24221 SGCATGGATG AGCATCACAG CGTTCT5G7G GAATTGGAAE GCGATAATGC CAGACTCGCA GTACTCAAGC 
24291 GAAGCGTCBA GGTCACACAC TTCGCATATC CCGCTGTCAA CCTGCCCCCT AAAGTCATGA CGGCGGTCAT 
24361 GGACCAGTTA CTCATTAAGC GCGCAAGTCC CCTTTCAGAA GACATGCATG ACCCAGATGC CTGTGATGAG 
21431 GGTAAACCAG TGGTCAGTGA TGAGCAGCTA ACCCGATGGC TGGGCACCGA CTCTCCCCGG GATT7GGAAC 
24501 AGCBTCGCAA GCTTATGATG GCCGTGSTGC TGGTTACCGT AGAACTAGAG TGTCTCCGAC GTTTCTTTAC 
24571 CGATTCAGAA ACCTTGCGCA AACTCGAAGA GAATCTGCAC TACACTTTTA 5ACACGGCTT TGTGCGGCAG 
24G41 GCATGCAAGA TATCTAACGT GGAACTCACC AACCTGSTTT CCTACATGGS TATTCTGCAT 6AGAATCGCC 
ZaZV TAGGACAAAG CGTGCTGCAC AGCACCCTTA AGGGGGAAGC CCGCCGTCAf TACATCCGCG ATTGTGTCTA 
24781 TCTCTACCTG TGCCACACGT GGCAAACCGG CATGSGTGTA TGGCAGCAAT GTTTAGAAGA ACAGAACTTG 
24B51 AAAGAGCTTG ACAAGCTCTT ACASAAATCT CTTAAGGTTC TGTGGACAGG GTTCGACGAG CGCACCGTCG 
24921 CtTCCGACCT GGCAGACCTC ATCTTCCCAG AGCGTCTCAG GGTTACTTTG CGAAACGGAT TGCCTGACTT 
24991 TATGAGCCAG AGCATGCTTA ACAATTTTCG CTCTTTCATC CTGGAACGCT CCGGTATCCT GCCCGCCACC 
25061 TGCTQCGCAC TGCCCTCCGA CTTTGTGCCT CTCACCTACC GCGASTGCCC CCCGCCGCTA TGGAGTCACT 
25131 GCTACCTGTT CCGTCTGGCC AACTATCTCT CCTACCACTC G6ATGTGATC GACGATGTGA GCGGAGACCC 
25201 CTTGCTGGAG TGCCACTGCC GCTSCAATCT GTGCACGCCC CACCGGTCCC TAGCTTGCAA CCCCCAGTTG 
Z5271 ATGAGCGAAA CCCAGATAAT AGGCACCTTT GAATTGCAAG GCCCCAGCAG CCAAGGCGAT GGGTCTTCTC 
26341 CTGGGCAAAG TTTAAAACTG ACCCCGGGAC TGTGGACCTC CGCCTACTTG CGCAAGTTTG CTCCGGAAGA 
o^i3 TTACCACCCC TATGAAATCA AGTTCTATGA CGACCAATCA CA6CCTCCAA AG6CCGAACT TTCGGCTTGC 
25481 GTCATCACCC AGGGGGCAAT TCTGGCCCAA TTGCAAGCCA TCCAAAAATC CCGCCAAGflA TTTCTACTGA 
25551 AAAAGGGTAA GGGGGTCTAC CTTGACCCCC AGACCGGCGA GGAACTCAAC ACAAGGTTCC CTCAGGATGT 
5 C £ AACGACG ASAAAACAAG AAGTTGAAGG TGCA6CCSCC GCCCCCAGAA GATATGGAGG AAGATTGGGA 
2569 CAGTCAGGCA GAGGAGGCGG AGGASGACAG TCTG6AGGAC AGTCTGGAGG AABACAGTTT GGAGGAGGAA 
^IZV, AACGAG OAGS CAGAGGAGGT GGAABAAQTA ACCGCCSACA AACABTTATC CTCG6CT6CG GAGACAABCA 
fffSI A E-S£5 CT i C CATCTCCGCT CCGAGTCGAG GAACCCGGCC CC6TCCCAGC AGTAGATGGG ACCAGACCCC 
oeo? 5SSSTI??£? AA ££ CAACCA <3CGCTTCCAA GACCG6TAAQ AAGSATCG6C AGGGATACAA GTCCTGGCGG 
of™ GGG $ A I AAGA ATGCCATCAT JCTCCTGCTTG CATGAGTGCG GGGGCAACAT ATCCTTCACG CGGCGCTACT 
12?? IS?I A II CCA ; CCAT6GGGTG AACTTTCCGC GCAATGTTTT SCATTACTAC CGTCACCTCC ACAGCCCCTA 
12 » ™ A ^ C ^ CAAATCCCGA CAGTCTCGAC AGATAAAGAC AGCGGCGGCG ACCTCCAACA GAAAACCAGC 
MX rftlrrrtll tS^I*" CAACAAfiTeC AGCAACAGGA SGA7TAAAGA TTACAGCCAA CGAGCCAGCG 
illi AGTTAAGAAA TCGGATCTTT CCAACCCTGT ATGCCATCTT 'CCAGCAGAGT CGGGGTCAAG 

iHi ifSrr?^! AACCGATCTC TGCGTTCGCT CACCAGAAGT TGTTTGTATC ACAAGAGCGA 

iTzZi ~.£V:?£ CTT CASCGCACTC TCGAGGACGC CGAGGCTCTC TTCAACAAGT ACTGCGCGCT GACf CTTAAA 
lesl crrlrnrr?? aJ^SSH^I ltll CMMA AGGCGGGAAT TACATCATCC TCGACATGAG TAAAGAAATT 
ISS rrrrrAT^II A £ A I2J" Ae T TATCAACCC CAAATGGGAT TGGCAGCAGG CGCCTCCCAG GACTACTCCA 
rrAAA A Ir A T II^"? AGC GCCGGSCCTT CTATGATTTC TCGAGTTAAT GATA7ACSCG C C T A C C G A A A 
2674 SC AA £r™ KSS^SST ? A ^ TCTTAC CACCACGCCC CGCCAACACC TTAATCCCAG AAATTGGCCC 

srITi t£™SI ag - I G I A S CAGQA aagtcccgct cccaccactg tattacttcc tcgagacgcc caggccgaag 

MM ?S AAA Ir A r ^ A I?S A S GT CCGCAGTTAG CTGGCGGCTC CACCCTATGT CGTCACA6GC CTCCCCATAA 

111! 1*1*-™™ S7S A I! A JS A GAGGCCGAGG TATCCAGCTC AACGACGAGT CG6TGAGCTC TCCGCTTGGT 

Ivnll rZ A r? A v5 A ? A ^ G 3^ ATCTT TCAE *TTGCC GBCTGCGGGA GATCTTCCTT CACCCCTCGT CAGGCTGTTC 

finl\ llrrlTlrrr AA ?II5SI CT TCGCAACCCC GCTCGQGCGG AATC8GGACC 6TTCAATTTS TAGAGGAGTT 

f??Ii KSKSIST SI C I ACTTCA ACCCCTTCTC CGGATCTCCT GGGCACTACC CGGACGAGTT CATACCGAAC 

E£!?SS£? A TTAGCGAGTC agtggacggc tacgattgat gtctgqtgac gcggctgagc tatctcggct 

Vlll) r^rlrl?£ GA CCACTGCC GCCGCTTTCG CTGCTTTGCC CGGGAACTTA TTGAGTTCAT CTACTTcSI 
1,12 """ AASe ATCACCCTCA AGGTCCGGCC CACGGAGTQC G6ATTACTAT CGAAGGCAAA ATA6ACTCTC 
2744 CTACTSCaTT T^IITrl^ ? A 5H Q $S CD3 TGC ™ATCGA GCGAGACCA6 GGAAACACCA CGGTTTcSt 
97«7i Xl A ?J!« A H TGTAATCACC CCGGATTSCA TGAAAGCCTT TGCTGTCTTA TGTGTACTGA GTTTAATAAA 
27^ TT^rT*^ A iS25 TCTCCT ACGGACTSCC GCTTCTTCAA CCCGGATTTT AOUCCAGAA CAACAaIacT 
ftH\ JJJSSTSI^ TCCAGGACTC TGTTAACTTC ACCTTTCCTA CTCACAAACT AGAAGCTCAA CGACTACArr 
IS! JSUIIcS? r^rUl JC CCTAC ™ATA CTACTTTCAA AACCGGAGGT GAGC?CCaSs fiTCTCCCTAC 
27?! A |cT A ?rTA? Irfrlr^^ CGGGCCTTGT AGTACTAGGA ATTCTTGCGG GTG8GCTTGT GATTATTCTT 
27al IctISStS CTTGTTTTAr rllrrrllZZ C ][ AGTCGTC T TGTGGTATTG GTTTAAAaII TGGGGCCCAT 

SS ilS E tacttttgca SSSSL gc C cgc^g %%l?rS*r Kfflffl 

28071 rrlrr^nl 3 £ A 55 TCCGT I BAAATTACAC ACAATAACAA AACCTGGAAC AATACCTTAT CCACCACATr 
II?4 Sa^Stttc! TTT??TC«I S^ GTCCGA SGTCCTGACG OTTCCATcSJ CAT?ag"Ic 

2821, CTAG A CAS A »ffiSSS ?K SS? ^WcVrl CTBCTTTACT 
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28281 G7GCGTA7GC A7ACACC7GC 7TG7AACCAC T£GCA7CAAA AACGCCAA7A ACAAAGAAAA AATGCCTTAA 

28351 CCTCTTTCTG 7T7ACAGACA TGGCTTCTCT TACATCTCTC ATATTTGTCA GCA77G7CAC TGCCGCTCAC 

28421 GGACAAACAG TCGTCTCTAT CCCAC7AGGA CA7AA77ACA C7C7CATAGG ACCCCCAATC AC7TCACACG 

2B491 TCATCTGGAC CAAACTGGGA AGCGTTGATT ACTTTGATAT AATCTGTAAC AAAACAAAAC CAATAATAGT 

28561 AAC776CAAC ATACAAAATC TTACATTGAT 7AA7G77AGC AAAG7TTACA GCGGTTACTA TTATGGTTAT 

26631 GACAGATACA GTAGTCAATA 7AGAAA77AC T7GG77CG7G TTACCCAGTT GAAAACCACG AAAATGCCAA 

28701 ATATGGCAAA GA7TCGATCC GATGACAA77 CTCTAGAAAC TTTTACATCT CCCACCACAC CCGACGAAAA 

28771 AAACATCCCA GA77CAA7GA TTGCAATTGT TGCAGCGG7G GCAGTGGTGA TGGCACTAAT AA7AATATGC 

28841 ATGCTTTTAT ATGCTTGTCG CTACAAAAAG TTTCATCCTa AAAAACAAGA TCTCCTACTA AGGC77AACA 

2891 1 TTTAATTTCT TTTTATACAG CCATGGTTTC CACTACCACA TTCCTTATGC TTACTAGTCT CGCAACTCTG 

26961 ACTTCTSCTC GCTCACACCT CACTGTAACT ATAGGCTCAA ACTGCACACT AAAAGGACCT CAAGGTGGTC 

29051 ATGTCTTTTG gtggagaata TATGACAATG gatggtttac aaaaccatgt gaccaacctg gtagattttt 
20121 ctgcaacggc agagacctaa ccattatcaa cgtgacagca aatgacaaag gcttctatta tggaaccgac 

29131 TATAAAAGTA GTTTAGATTA TAACATTATT GTACTGCCAT CTACCACTCC AGCACCCCGC ACAACTACTT 
29261 7C7C7AGCAG CAGTGTCGCT AACAATACAA TTTCCAATCC AACCTTTGCC GCGC777TAA AACGCACTG7 
29337 GAATAAT7CT ACAACTTCAC AJACAACAAT TTCCACTTCA ACAATCAGCA TCATCGCTGC AG7GACAA7T 
29401 (3GAATATCTA TTCTTGTTTT TACCATAACC TACTACGCCT GCTGCTATAG AAAAGACAAA CATAAAGGT6 
29471 ATCCATTACT TAGA7TTGAT ATTTAATTTG TTCTTTTTTT TTATTTACAG TATQGTGAAC ACCAATCATG 
29541 GTACCTAGAA ATTTCTTCTT CACCATACTC ATCTGTGCTT T7AA7G777G CGCTACTTTC ACAGCAG7AG 
29811 CCACAGCAAC CCCAGACTGT ATAGGAGCAT 7TGC77CC7A TGCACTTTTT GCTTTTGTTA CTTGCATCTG 
29681 CG7A7G7AGC ATAGTCTGCC TGGTTATTAA TTTTTTCCAA C77CTAGAC7 GGATCCTTGT GCGAATTGCC 
29751 TACCTGCGCC ACCATCCCGA ATACCGCAAC CAAAATATCG CGGCACTTCT TAGACTCATC TAAAACCATG 
29821 CAGGCTATAC TACCAATATT TTTGCTTCTA TTGCTTCCCT ACGCTGTCTC AACCCCAGCT GCCTATAGTA 
29891 CTCCACCAGA ACACC77AGA AAA7GCAAAT TCCAACAACC GTGGTCATTT C7TGC77GC7 ATCGAGAAAA 
29961 ATCAGAAATC CCCCCAAATT TAATAATGA7 TGCTGGAATA ATTAATATAA TCTG77GCAC CATAATTTCA 
3Q031 TTTTTGATAT ACCCCCTATT TGATTTTGGC TGGAATGCTC CCAATGCACA TGATCATCCA CAAGACCCAG 
301Q1 AGGAACACAT TCCCCCACAA AACAT6CAAC ATCCAATAGC GCTAATAGAT TACGAAAGTG AACCACAACC 
30171 CCCACTACTC CCTGCTATTA GTtACTTCAA CCTAACCGGC GGAGATGACT GAAACACTCA CCACCTCCAA 
302a 1 TTCCGCCGAG GATCTGCTCG ATA7GGACGG CCGCG7C7CA GAACAACGAC TTGCCCAACT ACGCATCCGC 
30311 CAGCAGCAQG AACQCGTG6C CAAAGAGCTC AGAGATGTCA TCCAAATTCA CCAATGCAAA AAAGGCATAT 
30381 TCTGTTTGGT AAAACAAGCC AAGATATCCT ACGAGATCAC CGCTACTGAC CATCSCCTCT CTTACGAACT 
30451 TCGCCCCCAA CGACAAAAAT TTACCTGCA7 GGtGGGAATC AACCCCATAB TTATCACCCA ACAAAGTGGA 
30521 GATACTAAGG GTTGCATTCA CTBCrCCTGC GATTCCATCG AGTGCACCTA 'CACCCTGCTG AAGACCCTAT 
30591 GCGGCCTAAG AGACCTGCTA CCAATGAATT AAAAAAAAAT GATTAATAAA AAATCACTTA CTTGAAATCA 
30661 GCAATAAGGT C7C7GT7GAA ATTTTCTCCC AGCAGCACCT CACTTCCCTC TTCCCAACTC TGGTATTCTA 
3073A AACCCC6TTC AGCGGCATAC TT7CTCCA7A CTTTAAAGGS GATGTCAAAT TTTAGCTCCT CTCCTGTACC 
30801 CACAATCTTC ATGTCTTTCT TCCCAGATGA CCAAGAGAGT CCGGCTCAGT GACTCCTTCA ACCCTGTCTA 
30871 CCCC7ATGAA 6ATGAAAGCA CCTCCCAACA CCCCTTTATA AACCCAGGGT 7TA7T7CCCC MATGGCTTC 
30941 ACACAAAGCC CAGACGGAGT TCTTACTTTA AAATGTTTAA CCCCACTAAC AACCACAGGC GGATCTCTAC 
31011 AGCTAAAAGT GGGAGGGGGA CTTACAGTGG ATGACACTGA TGGTACCTTA CAAGAAAACA TACGTGCTAC 
31081 AGCACCCATT ACTAAAAATA ATCACTCTGT AGAACTATCC ATTGGAAATG GATTAGAAAC TCAAAACAAT 
31151 AAACTATGTG CCAAATTBGG AAA7GGG77A AAATTTAACA AGGGTGACaT TTGTATAAAG GATAGTATTA 
31221 ACACCTTATG GACTGGAATA AACCCTCCAC CTAACT5TCA AATTGTGGAA AAC ACTA ATA CAAATGATGG 
31291 CAAACTTACT TTAGTA7TAG taaaaaatgg AGGGCTTGTT AATGGCTACG TGTCTCTAGT 7GGT5TATCA 
31361 GACACTGTGA ACCAAATGTT CACACAAAAG ACAGCAAACA TCCAATTAAG ATTATATTTT GACTCTTCTG 
31431 GAAATCTATT AACTSAGGAA 7CAGAC77AA AAATTCCACT TAAAAATAAA TCTTCTACAG CGACCAGTGA 
31501 AAC7G7ASCC AGCAGCAAAG CCTTTATGCC .AAGTACtACA GCTTATCCCT TCAACACCAC TACTAGGGAT 
31671 AGTGAAAACT ACATTCATGG AATaTGTTAC TACATGACTA GTTATGATAG AAGTCTATTT CCCTTGAACA 
31641 7TTCTATAAT GCTAAACAGC CGTATGATTT CTTCCAATGT TGCCTATGCC ATACAATTTG AATGGAATCT 
31711 AAATGCAAGT GAATCTCCAG AAAGCAACAT ACCTACGCTC ACCACATCCC CCTTTTTCTT TTCTTACATT 
31781 ACACAAGACG ACAACTAAAA TAAA6TTTAA GTGTTTTTAT TTAAAATCAC AAAATTCGAG TAGTTATTTT 
5SSI C S?£ CT T H C S^ TTTt3A CAGAATACAC CAATCTCTCC CCACGCACAG CTTTAAACAT TTGGAtACCA 
31921 TTAGAGATAG ACA77GT777 AGATTCCACA TTCCAAACAG TTTCAGAGCG AGCCAATCTG GGGTCAGTGA 
31991 TAGATAAAAA TCCATCGCQA TAGTCTTTTA AAGCGCTTTC ACAGTCCAAC TGCTGCGGAT GCGACTCCGG 
32D61 AGTTTGGATC ACGGTCATCT GGAAGAAGAA CGATGGGAAT CA7AA7CCGA AAACQBTATC 6GACGA7TST 
SliSI rISI£*J2£ *S CC 5£ AAGC AGCCGCTGTC TGCCTCGCTC CGTMOACTC CTGTTTATGG GATCAGGGTG 

IK52 CATOA ttt Taa7agc CCTTAACATC AACTTTCT6G TGCGATGCGC GCACCAACSC 
32271 ATTC7GATTT CAC7CAAATC 777GCAG7AG G7ACAACACA 7TA7TACAA7 AT7GTT7AA7 AAACCA7AA7 
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I™?! !£AAASCGCT CCAGCCAAAA CTCATATCTG ATATAATCSC CCCTGCATGA CCATCATAfr 44irTTT.iT 
£^IJ££ I EACGTTC CC TCAAAAACAC ACTACCCACA TaCatSaTCT CTTTTeScS SwSISI 

3JM81 ACAATCTGTC TGTACCATGG ACAACGTTGG TTAATCATGC AACCCAATAT AACCTTCC?r al?™™!?? 

S!l H££ ACCBC T CCCCCAGCC ATGCATTGAA GTGAACCCTG CTGATJACAA TGAcIISgAA G^cc^t 

3262 CTCTCGACCG TGAATCACTT GAGAATGAAA AATftTCTATA GTGGCACAAC ATAGACATAA AT^rA$PrIT 

3289 CTTCTCATAA TTTTTAACTC CTCAGGATTT AGAAACATAT CCCAqSgaJt JJwAgScT JbSI^aI 

32751 TAAASCTGGC AGAACAA6GA AGACCACGAA CACAACTTAC ACTATGCATA stcat act^t rar^T^rrr 

3283 1 CAACAGCGGG TGGTCTTCAC TCATAGAAGC TCGCCTTTCA TTTTrrrrlr Alr^^I A T 5xE 

3290! GTGTAAGGGT GATGTCTG6C GCaTqATGTC GAGCgTGCGC gJaIcCTTgT cItaItgGa*. T^rrr^ 

32971 ACATTCTCGT ATTTTGTATA GCAAAACGCG GCCCTGGCAG AACACACTCT TC^Trlrrr? ESSZISSIS 

8?! agttgtaatc 22SS» SEEKS ^iMi ™E££l SSSSSSK t%S3£ 
list? i h §B£ LIS* !™ S SS2S2S 2JSESS SMSSS 

TTTT TATTCC AAACGATCTC GCAGTACTTC AAATTGTAGA TCGCGCAGAT GGCATCTctt rrrrrrlrT*. 
5™ I?J^SJ? AA AAAGCACAGC TAAATCAAAA GAAATSCGAT TTTCAAGGTG CTCAACGDTG MTTC?1SJ2 
™ AA 3^I CCAC GCOCACATCC AAGAACAAAA GAATACCAAA AGAAGGAGCA TTTTCTAACT JffiS^fx 
fill TGTGGTAAA7 KSES£ TJCCCAGAXA ATTTTCAGCT TTcSwCCTT SKtUTtS tSBSttCT 

3%! IE cll ~ SStIc JKJSSJS SSS gggsj 

S ™^ -™ AAAAATTTGC Sg 

SIff??I??i AATGCAATAG GTTACCGCCC TGCGCTCCAA CAT7&TTAGT TTTGAAT^AG TCTK^fl 

TAAAAAAAAA ACAAGCGTCA TATCATAGTA GCCT-GACGAA CAGGTGGATA AflTrirTrTT TrJ5J£t£^ 

34091 GACAAGCCAC AGGGTCTCCA GCTCCACCCT CCTAAAAr?T rT?ArS«5Iv ££I?^? TCTT Tc CATCACAA 

II: ~ ™i sskE SI ~ S ™ 

34301 GCSGATACAA AGTAAAAGGC ACAGGAGAAT AAAAAATATA ATTATTTrrr Trrr^r^T GCCACCCCTC 
34371 CGCCCCCGGT CCCTCTAAAT ACACATACAA AGCCTcIt?a ^IIaIIJ^ yGCTGCTGTT TAGGCAACGT 

aa sasss ssssssk S i is »™ skssb 

US! S=SS?f? SSS I?2S?SS SJfiESSS 
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Sspl (4838) 
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SpeT 




kPGK promoter 



EcoRI(9I7) 



PvwII (1173) 



pPGKneopA 
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Nco gene 
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RSV promoter 
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